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This  report  describes  nuclear  responses  m  host  epidermal  cells 
above  infected  mesophyll  showing  yellow  leaf  spot  symptoms  induced  by 
a  systemic,  obligate  fungal  pathogen  in  relation  to  nuclei  above 
normal,  green  mesophyll. 


MATERIALS  and  METHODS 


Leaves  of  Arisaema  dracontium  (L.)  Schott,  systemically  infected 
with  Uromyces  ari-triphylli  (Schw.)  Seeler,  were  collected  in  Thompson's 
Woods  on  the  campus  of  Southern  Illinois  University-Carbondale.  Square 
epidermal  pieces,  measuring  approximately  5mm  on  a  side,  were  removed 
from  above  yellow  leaf  spots  and  from  above  the  immediately-adj acent 
non-inf ected,  normal,  green  mesophyll.  Stripped  epidermal  squares  were 
mounted  in  distilled  water  and  viewed  through  a  Leitz  interference  mi¬ 
croscope.  Nuclear  dry  mass,  nuclear  area,  and  nuclear  dry  mass  per  unit 
area  were  computed  as  described  by  Kulfinski  and  Pappelis  (1971,  1976). 

Three  replications  were  obtained  on  June  1  and  again  on  June  15, 
representing  slightly  different  stages  of  infection.  Twelve  nuclei 
were  measured  per  epidermal  square  in  each  of  three  replications  studied 
on  June  1.  Ten  nuclei  were  measured  per  square  in  each  of  three  repli¬ 
cations  studied  on  June  15. 


RESULTS  and  DISCUSSION 


Nuclei  over  normal,  green,  non- infected  mesophyll  remained  the  same 
in  size  (9.0  x  10“7cm2)  during  the  two-week  time  interval  but  increased 
by  8%  in  dry  mass  per  nucleus  (from  8.5  to  9.2  x  10-Hg). 

On  June  1,  epidermal  nuclei  over  yellow  leaf  spots  were  71%  of  nor¬ 
mal  in  cross-sectional  area  (6.4  compared  to  9.0  x  lCF^cm^)  and  106%  of 
normal  in  dry  mass  per  nucleus  (9.0  compared  to  8.5  x  10~^g).  On  June 
15,  nuclei  over  yellow  leaf  spots  were  87%  of  normal  in  area  (7.8  com¬ 
pared  to  9.0  x  10“7cm2),  and  86%  of  normal  in  dry  mass  per  nucleus  (7.9 
compared  to  9.2  x  10“Hg). 

Epidermal  nuclei  over  green  mesophyll  increased  by  8%  in  dry  mass 
during  the  two  week  period.  Similar  results  but  greater  in  magnitude, 
have  been  found  in  onion  epidermal  nuclei  of  increasing  age  with  en¬ 
largement  and  development  (Kulfinski  and  Pappelis,  1976).  While  dry 
mass  of  epidermal  nuclei  over  green  mesophyll  increased,  that  over 
chlorotic  mesophyll  decreased  by  12%  during  this  two  week  period.  Simi¬ 
lar  decreases  have  been  measured  in  onion  epidermis  parasitized  by 
Botry tis  allii,  Aspergillus  niger ,  and  other  fungi,  but  the  decreases  in 
onion  were  usually  much  larger  in  a  shorter  period  of  time  (for  example, 
42%  due  to  A.  niger  in  48  hours) . 

The  nuclei  of  epidermal  cells  of  this  host  over  normal  and  in¬ 
fected  mesophyll  were  easily  obtained  and  studied.  We  suggest  that  this 
would  be  ideal  tissue  for  quantitative  interference  microscopy  studies 
of  host-parasite  interaction  and  possibly  of  other  degeneration  condi¬ 
tions  or  factors. 
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locality.  All  of  this  work  is  based  on  unpublished  notes  of  S.  E. 

Ekblaw,  made  in  1951  and  on  file  at  the  State  Geological  Survey  of 
Illinois.  Ekblaw's  section  descriptions  also  are  available  in  Scheihing's 
(1978)  thesis.  Kosanke  et  aj_.  (1960)  place  the  Shumway  Cyclothem  at  the 
base  of  the  Virgil ian  in  the  Illinois  Basin,  a  correlation  concurred  with 
by  Willman  et  al_.  (1975).  In  addition.  Sturgeon  and  Hoare  (1968)  have 
correlated  the  Shumway  Cyclothem  with  the  Iatan  Limestone  of  Kansas  and 
the  Gaysport  Limestone  of  Ohio.  Faunal  studies  of  the  Shumway  include 
description  of  the  fusulinids  (Dunbar  and  Henbest,  1942),  the  ostracodes 
(Cooper,  1946)  and  nautiloids  (Tucker,  1976a).  Tucker  (1976b)  provides 
a  faunal  list  and  paleoecologic  analysis  of  the  upper  limestone  member 
of  the  Shumway  Cyclothem. 

The  Shumway  Cyclothem  at  its  type  locality  consists  of  the  following 
lithologic  members: 

12  -  Massive  sandstone 

11  -  Claystone  and  shale 

10  -  Fossil iferous,  fine-grained,  gray  limestone:  the  upper 
limestone  member 
9  -  Gray,  calcareous  shale 

8  -  Black  fissile  shale:  the  black  shale  member 
7  -  Fossil iferous,  argillaceous,  grey  limestone:  the  lower 
limestone  member 

6  -  Fossil iferous,  calcareous  shale:  the  'clod' 

5  -  Coal --the  Shumway  Coal 
4  -  Underclay 
3  -  Underclay  limestone 
2  -  Gray  shale  with  plant  fragments 
1  -  Interbedded  siltstone  and  sandstone 

Members  6  through  10  have  supplied  the  fossils  described  in  this  report 
and  the  remaining  members  are  considered  to  be  of  non-marine  origin. 

All  units  between  the  coal  and  the  upper  limestone  appear  to  have  grada¬ 
tional  contacts  and,  therefore,  no  hiatus  is  recognized  in  their  deposi- 
tional  history. 

All  of  the  fossils  described  in  this  report  were  obtained  from  a 
series  of  measured  sections  and  from  intervening  outcrops  at  the  type 
locality  of  the  Shumway  Cyclothem,  SE  1/4,  SE  1/4,  SW  1/4,  sec  26, 

T.  9  N.,  R.  5  E.,  Effingham  County,  Illinois.  A  complete  faunal  list  for 
these  localities  is  contained  in  a  thesis  by  Scheihing  (1978)  that  is 
principally  devoted  to  consideration  of  pal eoenvironmental  succession 
within  the  Shumway  Cyclothem.  Catalog  numbers  refer  to  the  type  collec¬ 
tion  of  the  Department  of  Geology,  University  of  Illinois,  Urbana. 
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SYSTEMATIC  PALEONTOLOGY 


Phylum  Mollusca 
Class  Gastropoda 

Family  Sinuitidae  Dali  in  Zi ttel-Eastman,  1913 
Genus  Euphemites  Warthin,  1930 
Euphemites  carbonari  us  (Cox) 

Plate  1 ,  Figures  1 -3 

Comprehensive  synonymy:  Hoare,  1961,  p.  141-142 

Critical  synonymy:  Euphemites  carbonarius  Hoare,  1961,  p.  141, 

142,  pi.  19,  figs.  13,  14. 

Description:  Shell  planospiral ly  coiled.  Shell  surface  smooth 
with  21  prominent  discontinuous  revolving  lirae  on  lateral  area.  Areas 
between  lirae  slightly  concave. 

Specimen  about  15  mm  long. 

Discussion:  This  weathered,  incomplete  specimen  is  assigned  to  E_. 
carbonarius  because  of  its  similarity  to  specimens  described  and  illus¬ 
trated  by  Hoare  (1961). 

Occurrence:  Upper  limestone  member. 

Material:  One  specimen  with  incomplete  anterior  portion.  Hypo type 
X-5586. 


Family  Eotomariidae  Wenz,  1938 
Genus  Glabrocingulum  Thomas,  1940 
(?)  Glabrocingulum  sp. 

Plate  1 ,  Figure  4 

Description:  Shell  small,  turbinate  with  planoconvex  selenizone. 
Shell  surface  bears  revolving  and  transverse  lirae  forming  reticulate 
pattern. 

Discussion:  The  specimen  is  assigned  to  this  genus  because  of  its 
turbinate  coiling  and  reticulate  pattern.  Poor  preservation  of  the 
specimen  precludes  specific  assignment. 

Occurrence:  Upper  limestone  member. 

Material :  One  weathered  steinkern.  Hypo type  X-5587. 

Family  Euomphalidae  de  Koninck,  1881 
Genus  Straparolus  de  Montfort,  1810 
Straparolus  (Amphi scapha )  subrugosus  (Meek  and  Worthen) 

Plate  1 ,  Figure  5 

Comprehensive  synonymy:  See  Hoare,  1961,  p.  179 
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Critical  synonymy:  Straparolus  (Amphiscapha)  subruqosus  Hoare, 

1961,  p.  179,  180,  pi.  23,  figs.  9,  10. 

Description:  Shell  discoid,  pseudoplanal ly  coiled,  average  of  three 
volutions.  Inner  whorls  circular  in  transverse  section,  outer  whorls 
subquadrate.  Sides  of  volutions  slightly  concave.  Growth  lines  sigmoidal 
on  sides  of  volutions,  vertical  on  outer  lateral  surface.  Nodose  carinae 
occur  on  ventrolateral  shoulders,  carinal  development  irregular. 

Mean  maximum  diameter  of  12  mm  (range  9  mm  to  14  mm);  mean  height 
of  4  mm  (range  3  mm  to  4  mm). 

Discussion:  The  rugose  upper  and  lower  carinae  and  deep,  wide 
umbilicus  characterize  this  species  (Hoare,  1961).  The  well-preserved 
Shumway  specimens  closely  resemble  specimens  described  and  illustrated 
by  Hoare  (1961 ) . 

Occurrence:  Most  abundant  in  the  upper  limestone  member.  The 
species  is  rare  in  the  lower  limestone  member. 

Material :  11  specimens  from  the  upper  limestone  member  and  1 

specimen  from  the  lower  limestone  member.  Hypo type  X-5588. 

Family  Portlockidl 1 idae  Batten,  1956 
Genus  Shansiel la  Yin,  1932 
Shansiella  broadheadi  (?)  (White) 

Plate  1 ,  Figures  8,9 

Comprehensive  synonymy:  See  Hoare,  1961,  p.  160. 

Critical  synonymy:  Shansiella  broadheadi  Hoare,  1961,  p.  160,  161, 
pi .  23,  fig.  7. 

Description:  Shell  orthostropic  with  abruptly  expanding  body  whorl. 
Whorl  profile  is  rounded.  Distinct  selenizone  on  whorl  midheight,  bor¬ 
dered  by  several  revolving  lirae. 

Height  of  single  specimen  13  mm;  pleural  angle  78°. 

Discussion:  This  individual  is  tentatively  assigned  to  S^.  broad¬ 
headi  on  the  basis  of  its  resemblance  to  specimens  of  !S.  broadheadi 
figured  and  described  by  Hoare  (1961).  The  specimen  is  not  thought  to 
belong  to  _S.  carbonaria  (Norwood  and  Pratten)  as  conceived  of  by  Hoare 
(1961,  p.  159,  160,  pi.  23,  fig.  8)  because  of  the  larger,  body  whorl, 
and  pleural  angle  of  S..  carbonaria. 

Occurrence:  Lower  limestone  member. 

✓ 

Material :  One  crushed  and  encrusted  specimen.  Hypotype  X-5589. 
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Family  Subulitidae  Lindstrom,  1884 
Genus  Ianthinopsis  Meek  and  Worthen,  1886 
Ianthinopsis  pal udinaeformis  (?)  (Hall) 

Plate  1 ,  Figure  6 

Comprehensive  synonymy:  See  Knight,  1931,  p.  213;  and  Hoare,  1961, 
191,  192. 


Critical  synonymy:  Soleniscus  (Macrochi 1 ina)  pal udinaeformis  Knight, 
1931,  p.  213-215,  pi.  23,  figs.  2a-m,  pi.  27,  fig.  6;  Ianthinopsis 
pal udinaeformis  Hoare,  1961,  p.  191,  192,  pi.  23,  figs.  14,  15. 

Description:  Shell  of  moderate  size,  ovate  in  outline.  Body  whorl 
large.  Shell  surface  smooth.  Total  of  5  to  6  whorls  including  body 
whorl.  Early  whorls  planoconcave,  later  ones  convex.  Pleural  angle 
about  50°;  total  height  about  24  mm;  spire  height  about  9  mm. 

Discussion:  Hoare' s  (1961)  specimens  of  L  pal udinaeformis  are 
much  larger  than  those  from  Shumway;  a  complete  specimen  being  about 
66  mm  high  when  restored.  Knight  (1931),  however,  figures  specimens  of 
about  the  same  size  as  the  single  specimen  from  the  upper  limestone 
member.  The  specimen  is  thought  to  be  I_.  pal udinaeformis  because  of 
size,  pleural  angle,  and  ovate  outline. 

Occurrence:  Upper  limestone  member. 

Material :  One  specimen.  Hypotype  X-5590. 

(?)  Ianthinopsis  sp. 

Plate  1 ,  Figure  7 

Descri ption:  Large,  smooth  ovate  body  whorl. 

Discussion:  The  specimen  is  assigned  to  this  genus  on  the  basis  of 
its  large  ovate  body  whorl  and  smooth  appearance.  Size,  if  complete, 
might  be  as  large  as  60  to  70  mm  high.  Preservation  is  too  poor  to  allow 
reliable  specific  assignment. 

Occurrence:  Upper  limestone  member. 

Material :  One  steinkern  with  only  body  whorl  and  base  whorl  of 
spire  preserved.  Hypotype  X-5591 . 

Class  Cephalopoda 

Family  Pseudorthoceratidae  Flower  and  Caster,  1935 
Genus  Pseudorthoceras  Girty,  1911 
Pseudorthoceras  knoxense  (McChesney) 

Plate  2,  Figures  1-3 

Comprehensive  synonymy:  See  Miller  and  Youngquist,  1949,  p.  18-22 

Critical  synonymy:  Pseudorthoceras  knoxense  (McChesney)  Miller, 
Dunbar,  and  Condra,  1933,  p.  81-85,  pi .  1 ,  figs.  4-9;  Shimer  and  Shrock, 
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1944,  p.  553,  pi.  227,  fig.  1;  Hoare,  1961,  p.  129,  130,  pi.  16,  fig.  4, 
pi.  17,  fig.  1;  Unkelsbay,  1962,  p.  22-24,  pi.  1,  figs.  10,  11. 


Description:  Conch  long,  smooth,  slender,  circular  in  transverse 
section,  expanding  adorally.  Siphuncle  central  to  slightly  off-center, 
at  the  adoral  end  0.6  mm  to  1  mm  in  diameter.  Septa  simple,  saucer¬ 
shaped,  convex  adorally.  Camerae  1  mm  thick  at  apical  end,  bluntly 
rounded,  slightly  asymmetric.  Camera  1.5  mm  at  adoral  end.  Cameral 
length/diameter  ratio  at  adoral  end  0.3. 

Length  of  31  mm,  minimum  diameter  of  1  mm,  maximum  diameter  of  4.5 
mm  for  one  complete  specimen. 

Discussion:  The  Shumway  specimens  closely  conform  to  Unklesbay's 
(1962)  description  of  the  species.  The  only  exception  is  that  the 
length  of  the  camerae  here  is  about  0.3  times  the  diameter  of  the  conch 
at  the  mature  end  whereas  Unklesbay's  material  is  about  0.2  times  the 
diameter. 

Occurrence:  Upper  and  lower  limestone  members. 

Material:  Six  specimens,  two  complete  and  the  rest  fragmentary. 
Hypotype:  X-5592,  X-5593. 

Genus  Mooreoceras  Miller,  Dunbar  and  Condra,  1933 

Mooreoceras  normal e  (?)  Miller,  Dunbar  and  Condra 

FTate  2,  Figure  4 

Comprehensive  synonymy:  See  Unklesbay,  1962,  p.  25. 

Critical  synonymy:  Mooreoceras  normal e  Miller,  Dunbar  and  Condra, 
1933,  p.  87-89,  pi.  2,  figs.  5-7;  Shimer  and  Shrock,  1944,  p.  553,  pi. 
226,  figs.  14,  15;  Hoare,  1961,  p.  128,  129,  pi.  16,  fig.  5;  Unklesbay, 
1962,  p.  25-27,  pi.  1,  figs.  14,  15. 

Description:  Straight,  smooth  conch  gradually  expanding  adorally, 
circular  to  subcircular  in  transverse  section.  Septa  simple,  concave 
adorally,  and  straight  in  longitudinal  section.  Interseptal  distance/ 
diameter  ratio  at  adoral  end  averages  0.23.  Siphuncle  2  mm  in  diameter, 
circular,  subcentral,  closer  to  the  venter.  Shell  thickness  ranges  from 
approximately  0.2  mm  to  0.8  mm.  Conch  diameter  ranges  from  11  mm  to 
19  mm. 

Discussion:  The  specimens  have  been  tentatively  assigned  to  M. 
normal e  on  the  basis  of  interseptal  distance/diameter  ratio,  the  smooth¬ 
ness  of  the  shell,  size  and  the  gradual  expansion  of  the  conch.  Shumway 
M.  normal e  are  distinguished  from  M.  tuba  by  the  latter's  abrupt  adoral 
expansion,  smaller  size,  and  transverse  ornamentation.  The  Shumway 
specimens  differ  from  those  described  by  Miller  et  al_.  (1933)  by  their 
slightly  thinner  shells. 

Occurrence:  Upper  limestone  member. 
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Material :  Several  fragments  of  phragmacones ,  mostly  internal  molds 
with  some  shell  matter  preserved.  Hypotype  X-5594. 

Family  Tainoceratidae  Hyatt,  1883 
Genus  Tainoceras  Hyatt,  1883 
Tainoceras  sexl ineatum  Tucker 
Plate  3,  Figures  3-5 

Critical  synonymy:  Tainoceras  sexl ineatum  Tucker,  1976,  p.  60,  61, 
pi .  1 ,  figs.  4,  5. 

Description:  Shell  subrectangular  in  transverse  section,  about  as 
wide  as  high  at  adoral  end.  Sutures  sinuous.  Lateral  walls  flat, 
nearly  parallel.  Each  umbilical  shoulder  bears  single  row  of  nodes. 

Early  ventral  nodes  opposite,  become  alternate.  Ventral  nodes  elongate, 
somewhat  more  oval  to  rectangular  adoral ly.  Ventrolateral  nodes  hemi¬ 
spherical,  spaced  from  1.5  to  2  cm  apart,  distance  increasing  toward 
mature  part  of  shell.  Ventrolateral  nodes  much  larger  and  enlarge  much 
faster  than  umbilical  nodes.  Umbilical  nodes  small,  form  subtle  ridges. 
Space  between  ventral  nodes  develops  into  mid-ventral  sulcus. 

Umbilical  diameter  about  1/3  shell  diameter.  Diameter  of  one 
reasonably  mature  conch  90  mm;  umbilical  diameter  27  mm. 

Discussion:  Identification  is  based  on  one  whole  shell  and  a  shell 
fragment  bearing  ventral  nodes.  The  specimens  in  this  collection  closely 
resemble  those  described  and  illustrated  by  Tucker  (1976a)  from  Shumway. 
The  specimens  described  here  differ  from  Tucker's  material  in  having  an 
adoral  transverse  section  that  is  not  much  wider  than  it  is  high.  Also, 
the  ventral  nodes  do  not  become  hemispherical  as  described  by  Tucker 
(1976a)  but  are  more  subrectangular  in  outline. 

Occurrence:  Upper  limestone  member. 

Material :  One  complete  specimen  and  one  fragment.  Hypotype  X-5595. 

Class  Bivalvia  Linne,  1758 
Family  Nuculanidae  H.  Adams  and  A.  Adams,  1858 

Plate  2,  Figure  6 

Description:  Valves  elongate  with  elongate  posterior  ventral 
margin  and  broadly  curved  anterior  margin.  Ventral  margin  broadly 
rounded,  almost  straight.  Dorsal  posterior  margin  straight  to  very 
slightly  curved.  Anterior  dorsal  margin  too  poorly  preserved  for  des¬ 
cription.  Beak  about  0.7  distance  of  total  valve  length  from  posterior 
margin.  Prominent,  irregular  growth  lines  on  valve  surface. 

Dimensions  of  two  specimens  are:  height  10  mm,  length  15  mm; 
height  8  mm,  length  12  mm. 

Discussion:  Two  internal  molds  from  the  black  shale  have  the 
appearance,  size,  and  shape  of  nuculanid  bivalves.  Generic  and  specific 
classification  are  precluded  by  inadequate  preservation  of  morphologic 
detai 1 . 
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Occurrence:  Black  shale  member. 


Material :  Two  internal  molds.  Hypo type  X-5596. 

Family  Mytilidae  Rafinesque,  1815 
Subfamily  Li thophaginae  Adams  and  Adams,  1857 
Genus  Lithophaga  Roding,  1798 
(?)  Lithophaga  subel 1 iptica  Sayre 
Plate  2,  Figure  5 

Comprehensive  synonymy:  See  Newell,  1942,  p.  44. 

Critical  synonymy:  Lithophaga  subel 1 iptica  Newell,  1942,  p.  44, 
pi .  4,  figs.  3-5. 

Description:  Shell  elliptical,  elongate,  subcircular  in  transverse 
section.  Valves  smooth  except  for  irregular  prominent  growth  lines. 
Ventral,  dorsal  margins  subparallel.  Beak  nonprotuberant ,  low. 

Length  of  single  specimen  10  mm,  width  6  mm. 

Pi scussion:  The  single  specimen  has  been  referred  to  IL.  subel 1 ip¬ 
tica  on  the  basis  of  its  resemblance  to  the  holotype  figured  by  Newell 
(1942,  pi.  4,  fig.  5),  especially  the  shape  of  the  transverse  section. 
The  Shumway  specimen  is  apparently  immature  as  Newell  (1942)  considers 
the  holotype,  which  is  larger,  to  be  immature. 

Occurrence:  Upper  limestone  member. 

Material :  One  specimen.  Hypotype  X-5597. 

Genus  Vol sel 1 ina  Newell,  1937 
Volsellina  subel 1 iptica  Newell 
Plate  2,  Figures  7-9 

Comprehensive  synonymy:  See  Hoare,  1961,  p.  118. 

Critical  synonymy:  Volsellina  subelliptica  Newell,  1942,  p.  43, 
pi.  1,  figs.  14-16;  Hoare,  1961,  p.  118,  119,  pi.  15,  fig.  11. 

Description:  Shell  elongate,  lenticular,  marked  by  growth  lines. 
Left  valve  somewhat  higher  than  right  valve.  Beaks  broadly  rounded, 
diverge  posteriorly  at  about  24°.  Umbonal  ridge,  narrow,  angular, 
extending  in  a  very  shallow  curve  from  beaks  to  posterior.  Hinge 
margin  5/9  shell  length.  Ventral  and  dorsal  margins  straight.  Poster¬ 
ior  margin  broadly  rounded.  Posterior  1/3  shell  wedge-shaped  with 
angular  junction  of  ventral  and  posterior  margins. 

Length  of  a  single  specimen  18  mm,  height  9  mm,  greatest  dimension 
18  mm,  length/height  ratio  2.0,  angle  alpha  34°. 

Pi scussion:  The  Shumway  specimen  agrees  well  with  Newell's  (1942) 
description  of  the  species. 


8 


Occurrence:  Upper  limestone  member. 


Material :  One  articulated  specimen.  Hypotype  X-5598. 

Family  Myalinadae  Freeh,  1891  (Emend.  Newell,  1942) 

Genus  Promytilus  Newell,  1942 
(?)  Promytil us  annosus  var.  annosus  Newell 
Plate  4,  Figure  1 

Comprehensive  synonymy:  See  Hoare,  1961,  p.  119. 

Critical  synonymy:  Promytilus  annosus  var .  annosus  Newel  1  ,  1942, 
p.  38,  39,  pi.  1,  figs.  9,  10;  Hoare,  1961,  p.  119,  pi.  15,  fig.  17. 

Description:  Mytil us-1 ike  shell  obliquely  elongate,  convex  with 
prominent  umbonal  ridge.  Surface  bears  irregular  growth  lines  and  very 
fine  and  faint  radial  striae  visible  only  in  oblique  light.  Anterior 
lobe  well -developed. 

Length  about  10  mm,  height  12  mm,  greatest  dimension  17  mm,  angle 
alpha  45°,  form  ratio  (length/height)  0.83. 

Discussion:  Angle  alpha,  length,  width,  and  greatest  dimension  are 
within  the  ranges  given  by  Newell  (1942)  for  P_.  annosus  annosus.  The 
form  ratio,  however,  is  small  for  this  group.  Hoare  (1961),  however, 
describes  a  single  specimen  of  P_.  annosus  annosus  having  a  form  ratio  of 
1.0  (not  1.40  as  is  stated  in  Hoare 's  (1961)  description)  which  compares 
favorably  with  that  of  the  Shumway  specimen. 

Occurrence:  Upper  limestone  member. 

Material :  One  specimen.  Hypotype  X- 5599 . 

Family  Leiopectinidae  Krasilov,  1959 
Genus  Steblochondria  Newell,  1937 
Streblochondria  sp. 

Plate  4,  Figure  2 

Description:  Right  valve  opisthocl ine,  suboval  to  subcircular, 
mildly  convex.  Maximum  height  at  valve  midlength.  Valve  surface  bears 
fine,  sharp  costellae  with  interareas  greater  than  width  of  individual 
costellae.  Priminent  filae  cross  costellae,  spaced  about  1/2  spacing 
of  costellae  within  15  mm  from  umbo.  5  costel 1 ae/mm,  about  12  lirae/mm 
7mm  ventral ly  from  beak.  Filae  die  out  15  mm  from  beak.  Costellae  die 
out  20  mm  from  beak  on  median  posterior.  Costellae  continue  undiminished 
to  ventral  margin  along  anterior  margin.  Auricles  not  preserved. 

Height  of  single  specimen  34  mm,  length  30  mm,  umbonal  angle  99°. 

Discussion:  The  single  specimen  resembles  the  specimens  illustrated 
and  described  by  Newell  (1937)  and  Hoare  (1961)  in  shape  and  surface 
ornamentation.  The  Shumway  specimen,  however,  is  much  larger  than 
Newell's  (1937)  and  Hoare's  (1961)  specimens.  Newell's  largest  specimen 
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is  15  mm  high  and  14  mm  long  and  Hoare's  largest  specimen  is  only  19.5  mm 
high  and  18.1  mm  long.  Following  Newell  (1937,  p.  85)  the  specimen  is 
referred  to  Streblochondria  instead  of  Strablopteria  because  the  immature 
region  of  the  valve  is  cancel  late. 

Occurrence:  Upper  limestone  member. 

Material :  One  right  valve.  Hypotype  X-5600. 

Family  Aviculopectinidae  Meek  and  Hayden,  1864 
Genus  Euchondria  Meek,  1874 
Euchondria  1 evicula  Newell 
Plate  4,  Figure  3 

Critical  synonymy:  Euchondria  levicula  Newell,  1942,  p.  107,  pi.  1, 
fig.  67,  pi.  19,  fig.  5,  10,  11,  18. 


Description:  Shell  small,  prosocline  with  pronounced  posterior- 
ventral  margin.  Posterior  margin  broadly  concave.  Anterior  margin  of 
front  left  auricle  broadly  curved.  Auricles  costellate.  Left  valve 
bears  distinct,  uniformly-spaced  costae  crossed  by  evenly-spaced  filae. 
Filae  spaced  about  1/2  spacing  of  costae.  Some  costae  bifurcate. 


Dimensions  of  three  specimens: 


Umbonal  angle 

88° 

Length 

9  mm 

Height 

8  mm 

Costae  at  height  (  ) 

33  (8 

Hingel ine 

4  mm 

88°  80° 

9  mm  ±7  mm 

8  mm  7  mm 

mm)  32  (8  mm)  ±31  (7  mm) 
4  mm  — 


Pi scussion :  Specimens  in  the  Shumway  collection  fit  well  Newell's 
illustration,  description,  and  measurements  of  the  species  in  most 
respects.  The  only  discrepancy  is  in  the  umbonal  angle  of  80  to  88°, 
which  is  in  contrast  to  Newell's  report  of  91  to  105°  for  his  specimens. 
The  reticulate  pattern  of  ornamentation  is  diagnostic  of  the  species. 


Occurrence:  Black  shale  member. 


Material :  Internal  molds  of  left  valves  of  three  specimens.  Hypo- 
type  X-5601 . 

Family  Entoliidae  Krobkov,  1960 
Genus  Pernopecten  Winchell,  1865 
Pernopecten  attenuatus  (?)  (Herrick) 

Plate  4,  Figure  4 

Comprehensive  synonymy:  See  Hoare,  1961,  p.  115. 

Critical  synonymy:  Pernopecten  attenuatus  Newell,  1937,  p.  113, 
pi.  20,  fig.  4;  Hoare,  1961,  p.  115,  116,  pi.  15,  fig.  14. 

Description:  Valve  subovate  in  outline.  Valve  surface  smooth 
except  for  faint,  irregular  growth  lines.  Beak  small,  pointed.  Anterior, 
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posterior  ventral  margins  broadly  rounded.  Convexity  indeterminate 
because  of  crushing.  Auricles  not  preserved. 


Heiciht  13  mm,  lenath  12  mm,  height/length  ratio  1.1,  umbonal  angle 

102°. 


Discussion:  This  specimen  agrees  well  with  the  description  given 
by  Newell  (1937)  and  Hoare  (1961)  for  P_.  attenuatus .  The  specimen 
figured  by  Newell  (1937,  pi.  20,  fig.  4)  has  a  height/1 ength  ratio  of 
1.2  and  that  of  Hoare  1.1.  The  umbonal  angle  of  the  Shumway  specimen  is 
slightly  less  than  that  reported  by  Newell  and  Hoare.  In  comparison  to 
the  specimens  described  by  Newell  and  Hoare,  the  Shumway  specimen  is 
apparently  immature,  being  slightly  larger  than  that  of  Hoare  but  only 
1/2  the  size  of  Newell's  (1937)  figured  specimen.  As  Hoare  comments, 
immature  specimens  of  IP.  attenuatus  are  difficult  to  identify  because 
they  lack  the  characteristic  elongate  outline  of  the  species.  Therefore, 
the  specimen  is  tentatively  referred  to  P.  attenuatus . 

Occurrence:  Black  shale  member. 

Material :  One  specimen,  nearly  exfoliated  and  lacking  auricles. 
Hypotype  X-5602. 


Pernopecten  ohioensi s  Newell 
Plate  4,  Figures  5-7 

Comprehensive  synonymy:  Hoare,  1961,  p.  116. 

Critical  synonymy:  Pernopecten  ohioensis  Newell,  1937,  p.  112-113, 
pi.  20,  figs.  1-3,  5,  6;  Hoare,  1961,  p.  116,  117,  pi.  15,  figs.  15,  16. 

Description:  Valve  suboval  to  subcircular  and  slightly  convex. 
Hingeline  very  short.  Concentric  lirae  on  posterior  end,  valve  smooth 
anteriorly.  Lirae  extend  to  auricles. 

Mean  width  of  specimens  17  mm  (range  9  mm  to  22  mm);  mean  length 
19  mm  (range  10  mm  to  23  mm);  mean  length/width  ratio  1.0  (range  0.91 
to  1.2). 

Discussion:  The  specimens  are  assigned  to  P_.  ohioensis  on  the 
basis  of  their  similarity  to  individuals  described  and  illustrated  by 
Newell  (1937)  and  Hoare  (1961).  The  size  of  the  Shumway  specimens  falls 
well  within  the  ranges  quoted  by  Newell  (1937)  and  Hoare  (1961). 

Occurrence:  Upper  limestone  member. 

Material:  Approximately  10  specimens.  Hypotynes  X-5603,  X-5604, 
X-5605 . 


Family  Limidae  Rafinesque,  1815 
Genus  Lima  Beuguiere,  1797 
Lima  reti fer  Shumard 
Plate  4,  Figure  8 


Comprehensive  synonymy:  See  Hoare,  1961,  p.  117. 


Critical  synonymy:  Lima  retifer  Hoare,  1961,  p.  117,  pi.  15,  fiqs. 
12,  13. 

Description:  Shell  small,  oval.  Posterior  auricle  undeveloped. 
Anterior  auricle  reduced,  1  irate.  Maximum  width  of  valve  at  ventral 
portion.  Beak  pointed.  Shell  surface  bears  prominent,  fasciculate, 
subangular  costae,  diminish  in  prominence  toward  and  absent  on  beak. 
Intercostate  areas  concave. 

Height  of  single  specimen  19  mm,  length  19  mm,  height/length  ratio 
1.0,  thickness  3  mm,  umbonal  angle  75°. 

Discussion:  The  Shumwa.y  specimen  differs  from  those  figured  and 
described  by  Hoare  (1961)  in  its  larger  size,  greater  height/length  ratio, 
obsolete  posterior  auricle,  and  more  pronounced  fasciculation  of  costae. 
Hoare  (fig.  12,  pi.  15,  1961)  does,  however,  illustrate  a  specimen  with 
slightly  fasciculate  costae,  but  he  does  not  mention  this  feature  in  his 
description  of  L_,  retifer. 

Occurrence:  Upper  limestone  member. 

-  % 

Material :  One  specimen.  Hypotype  X-5606. 

Family  Astartidae  d'Orbigny,  1844 
Genus  Astartella  Hall,  1858 
Astartella  concentrica  (Conrad) 

Plate  4,  Figure  9 

Comprehensive  synonymy:  See  Hoare,  1961,  p.  126. 

Critical  synonymy:  Astartella  concentrica,  Hoare,  1961,  p.  126, 

127,  pi .  15,  fig.  6. 

Description:  Shell  small,  oval.  Dorsal  margin  straight  to  slightly 
convex.  Beak  depressed.  Posterior,  anterior  margins  form  smooth  curve 
up  to  lunule  base  on  anterior  margin.  Greatest  valve  convexity  poste¬ 
rior  to  midlength  and  midheight.  Shell  surface  bears  at  least  15, 
probably  20  to  22  sharp,  concentric  lirae.  Interl irate  spaces  as  great 
or  greater  than  width  of  lirae. 

Mean  height  15  mm  (range  12  mm  to  18  mm);  mean  length  20  mm  (range 
11  mm  to  22  mm) . 

Discussion:  Specimens  in  the  Shumway  collection  compare  well  with 
the  specimen  figured  and  described  by  Hoare  (1961)  in  valve  outline  and 
ornamentation  insofar  as  these  are  preserved.  They  differ  primarily  in 
being  somewhat  larger  than  the  average  size  cited  by  Hoare  (1961)  for 
this  species. 

Occurrence:  Lower  limestone  member. 
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Material :  Six  specimens  of  complete  and  fragmentary  valves,  none 
articulated.  Hypo type  X-5607. 

Family  Pholadomyidae  Gray,  1847 
Genus  Chaenomya  Meek,  1864 
Chaenomya  sp. 

Plate  3,  Figure  1 

Description:  Shell  large,  biconvex.  Shell  material  0.3  mm  to  1  mm 
thick.  Shell  surface  bears  growth  lines,  discontinuous  ridges,  rows  of 
papillae. 

Shell  height  about  27  mm,  length  more  than  40  mm. 

Discussion:  This  individual  is  assigned  to  Chaenomya  sp.  on  the 
basis  of  size,  shape,  and  transverse  papillate  ornamentation,  which  are 
similar  to  those  of  the  specimen  illustrated  by  Hoare  (1961).  Specimen 
insufficiently  preserved  to  allow  specific  assignment. 

Occurrence:  Lower  limestone  member. 

Material :  One  specimen.  Hypo type  X-5608. 

Phylum  Arthropoda 
Class  Trilobita  Walch,  1771 
Family  Phillips! i dae  Oehlert,  1886 
Genus  Ditomopyge  Newel  1 ,  1931  (emend.  Weller,  1936) 

Ditomopyge  scitula  (Meek  and  Worthen) 

Plate  3,  Figure  2 

Comprehensive  synonymy:  See  Weller,  1936,  p.  711  and  Treatise  on 
Invertebrate  Paleontology,  1949,  p.  0-401. 

Critical  synonymy:  Phi  11 ipsia  (Griffithides)  scitula  Meek  and 
Worthen,  1865,  p.  270,271,  no  fig.;  Ditomopyge  scitula  Weller,  1936, 
p.  711,  Treatise  on  Invertebrate  Paleontology,  p.  0-401,  pi.  307,  fig. 

5b;  Shimer  and  Shrock,  1944,  p.  645,  pi.  275,  fig.  6. 

Description:  Pygidium  convex,  outline  semicircular,  pronouncedly 
trilobate.  Mesial  lobe  prominent,  lateral  lobes  less  so.  Lateral  lobes 
slope  abruptly  at  the  margin.  Eleven  axial  segments,  7  pleural  segments. 
Lateral  segments  directed  slightly  posteriorly,  tapering  to  their 
termination  on  lateral  slope.  One  to  3  minute  pustules  on  pleural  seg¬ 
ments  just  before  pleural  segments  pass  over  lateral  slope.  Pygidial 
flange  wel 1  defined. 

Length  of  4  mm,  width  of  5  mm.  Cephalon  and  thorax  unavailable  for 
study. 

Pi scussion:  Two  pygidia  in  the  Shumway  collection  match  well  the 
original  description  of  the  genus  Ditomopyge  by  Newell  (1931)  as  emended 
by  Weller  (1936),  and  of  the  species  as  described  by  Weller  (1936).  The 
semicircular  pygidium,  well-defined  flange  and  prominent  trilobate 
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pygidium  characterize  both  the  genus  and  species.  The  only  difference 
between  the  Shumway  specimens  and  the  published  description  is  the 
Shumway  specimens'  lack  of  granular  ornamentation. 

Occurrence:  Upper  limestone  member. 

Material :  Two  pygidia.  Hypo type  X-5609. 
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Explanation  of  Plate  1 


Figures 

1-3  Euphemites  carbonarius  (Cox) 

Lateral,  ventral,  and  dorsal  views  of  a  single  specimen. 
Hypotype  X-5586.  Upper  limestone  member,  Shumway  Cyclothem 
type  locality. 

4  (?)  Glabroci ngul urn  sp. 

Lateral  view  of  steinkern  encased  in  matrix.  Hypotype  X-5587. 
Upper  limestone  member,  Shumway  Cyclothem  type  locality. 

5  Straparol us  (Amphiscapha)  subrugosus  (Meek  and  Worthen) 

Umbilical  view.  Hypotype  X-5588.  Upper  limestone  Shumway 
Cyclothem  type  locality. 

6  Ianthinopsis  paludinaeformis( ? )  (Hall) 

Lateral  view.  Hypotype  X-5590.  Upper  limestone  member, 
Shumway  Cyclothem  type  locality. 

7  (?)  Ianthinopsis  sp. 

Lateral  view  of  a  fragmentary  specimen.  Hypotype  X-5591 . 

Upper  limestone  member,  Shumway  Cyclothem  type  locality. 

8,9  Shansiel 1  a  broadheadi (?)  (White) 

Lateral  and  apertural  views.  Hypotype  X-5539.  Lower 
limestone  member,  Shumway  Cyclothem  type  locality. 
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Explanation  of  Plate  2 


Figures 

1-3  Pseudorthoceras  knoxense  (McChesney) 

Lateral  view  of  conch  and  closeup  of  slightly  off-center 
siphuncle.  Hypotype  X-5592.  Upper  limestone  member;  lateral 
view  of  conch.  Hypotype  X-5593.  Lower  limestone  member, 
Shumway  Cyclothem  type  locality. 

4  Mooreoceras  norma!e(?)  Miller,  Dunbar  and  Condra 

Lateral  view  of  conch  fragment.  Hypotype  X-5594.  Upper 
limestone  member,  Shumway  Cyclothem  type  locality. 

5  (?)  Lithophaga  subel 1 iptica  Sayre 

Right  valve  exterior.  Hypotype  X- 5597 .  Upper  limestone 
member,  Shumway  Cyclothem  type  locality. 

6  Nuculanidae 

Internal  mold  of  left  valve.  Hypotype  X- 5596 .  Black  shale 
member,  Shumway  Cyclothem  type  locality. 

7-9  Volsellina  subel! iptica  Newell 

Hingeline,  right,  and  left  views  of  an  articulated  specimen. 
Hypotype  X-5598.  Upper  limestone  member,  Shumway  Cyclothem 
type  locality. 
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Explanation  of  Plate  3 


Figures 

1  Chaenomya  sp. 

Ri gh t ( ? )  valve  view.  Hypotype  X-5608.  Upper  limestone  member, 
Shumway  Cyclothem  type  locality. 

2  Ditomopyge  scitula  (Meek  and  Worthen) 

Pygidium.  Hypotype  X-5609.  Upper  limestone  member,  Shumway 
Cyclothem  type  locality. 

3-5  Tainoceras  sexl ineatum  Tucker 

Ventral  and  lateral  views.  Hypotype  X-5595.  Upper  limestone 
member,  Shumway  type  locality. 
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Explanation  of  Plate  4 


Figures 

1  (?)  Promytilus  annosus  var.  annosus  Newell 

Right  valve  exterior.  Hypotype  X- 5599 .  Upper  limestone 
member,  S humway  Cyclothem  type  locality. 

2  Streblochondria  sp. 

Right  valve  exterior.  Hypotype  X-5600.  Upper  limestone 
member,  Shumway  Cyclothem  type  locality. 

3  Euchondria  levicula  Newel  1 

Left  valve  exterior.  Hypotype  X-5601.  Black  shale 
member,  Shumway  Cyclothem  type  locality. 

4  Pernopecten  attenuatus ( ? )  (Herrick) 

Right  valve.  Hypotype  X-5602.  Black  shale  member,  Shumway 
Cyclothem  type  locality. 

5-7  Pernopecten  ohioensis  Newell 

Left  valve  exteriors  encrusted  with  fragments  of  encrusting 
foraminifera.  Hypotypes  X-5603,  X-5604  and  X-5605.  Upper 
limestone  member,  Shumway  Cyclothem  type  locality. 

8  Lima  retifer  Shumard 

Left  valve  exterior.  Hypotype  X-5606.  Upper  limestone 
member,  Shumway  Cyclothem  type  locality. 

9  Astartel la  concentrica  (Conrad) 

Left  valve  partially  encrusted.  Hypotype  X- 5607 .  Lower 
limestone  member,  Shumway  Cyclothem  type  locality. 
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ABSTRACT 


Radiotelemetry  was  used  to  study  the  interaction, 
spacing,  and  habitat  utilization  of  adult  female  fox 
squirrels  (Sc i urus  n iqer)  during  their  winter  breeding 
season.  A  total  of  15  adult  female  fox  squirrels  were 
radio-tracked  during  4  February-16  March  1976,  and  24 
January-26  March  1977*  Enough  fixes  (377)  were  taken 
on  eight  squirrels  to  derive  a  standard  diameter  of  120  m, 
a  standard  range  of  1.13  ha,  and  an  approximate  home 
range  of  12.24  ha  for  adult  females  during  February  and 
March.  Although  females  with  transmitters  entered  the 
standard  ranoes  of  other  females  with  transmitters,  the 
main  den  sites  and  centers  of  activity  of  the  radio- 
equipped  squirrels  appeared  to  be  somewhat  uniformly 
distributed  and  no  closer  than  50  m  to  the  main  den  site 
and  center  of  activity  of  another  adult  female.  The 
average  basal  area  per  hectare  of  major  tree  species  in 
the  standard  ranges  of  adult  females  was  similar  to  the 
basal  area  per  hectare  of  those  tree  species  in  the  woods. 

INTRODUCTION 


Breeding  females  comprise  the  most  stable  portion  of  the  fox  squirrel 
(Sciurus  niger)  population  (Moore,  1957:58).  Therefore,  adult  females 
may  be  less  likely  to  change  their  home  ranges,  once  they  become  re- 
productively  active,  than  other  sex-  and  age-classes  of  fox  squirrels. 
Studies  tend  to  confirm  that  the  breeding  adult  female  is  the  central 
element  in  the  social  structure  of  the  gray  squirrel  (S_.  carol i nens i s) 
(Taylor,  1909)*  Thus,  a  sound  ecological  and  behavioral  understanding 
of  the  adult  female  fox  squirrel  may  provide  a  better  insight  into  the 
dynamics  of  fox  squirrel  populations. 


A  Contribution  of  Federal  Aid  Project  W-66-R,  the  Illinois  Natural 
History  Survey,  the  Illinois  Department  of  Conservation,  and  the  U-S. 
Fish  and  Wildlife  Service,  cooperating. 
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Intraspecific  interactions  may  affect  population  regulation  of 
rodents  (Sadlier,  1965;  Healy,  1967;  Christian,  1 97 1 )  •  Social  behavior 
may  also  affect  the  number  of  adult  female  gray  squirrels  that  breed 
(Nixon  and  McClain,  1975:436,  437)*  Fox  and  gray  squirrels  do  not 
exhibit  the  territoriality  found  in  populations  of  red  squirrels 
(Tamiasc i urus  hudsonicus)  in  coniferous  forests  (Smith,  1 968) .  However, 
reproduct i ve l y  active  female  fox  and  gray  squirrels  defend  their  nests, 
nest  trees,  or  areas  surrounding  their  nest  trees  (Bakken,  1952; 

Robinson  and  Cowan,  1954;  Taylor,  1 966 ;  Geeslin,  1970;  Adams,  1973; 
McCloskey,  1975)*  Taylor  (1966:233-234)  indicated  that  pregnant  and 
nursing  female  gray  squirrels  are  intolerant  of  other  breeding  females 
of  their  species.  Taylor  (1977)  also  noted  that  scent  marking  points 
were  often  located  on  the  nest  tree  of  female  gray  squirrels  and  the 
use  of  these  marking  points  may  be  territorial.  Nixon  et  al.  (1975:21) 
found  that  the  home  ranges  of  breeding  adult  female  gray  squirrels 
were  nearly  mutually  exclusive. 

The  purpose  of  this  study  was  to  examine  the  interaction,  spacial 
distribution,  and  habitat  utilization  via  radiotelemetry  of  adult 
female  fox  squirrels  during  their  winter  breeding  season  in  an  east- 
central  Illinois  woodlot. 


METHODS 

Study  area. --This  study  was  conducted  in  Trelease  Woods,  a  24-ha  mature 
mixed  mesophytic  forest  located  in  Champaign  County,  east-central 
Illinois.  The  vegetation  of  Trelease  Woods  was  described  by  Boggess 
(1964)  and  by  Pelz  and  Rolfe  (1977).  Pe 1 z  and  Rolfe  (1977)  tallied  22 
major  tree  species;  the  leading  dominants,  in  order  of  Importance  Value 
Index,  were  sugar  maple  (Acer  saccharum),  hackberry  (Celt  is  occ i denta 1 i s) , 
slippery  elm  (Ulmus  rubra),  white  ash  (Fraxinus  americana),  basswood 
(Til i a  amer i cana) ,  red  oak  (Quercus  rubra) ,  and  buckeye  (Aescu 1  us  glabra). 
Trelease  Woods  is  inhabited  by  both  fox  and  gray  squirrels,  but  only  a 
few  gray  squirrels  were  present  during  this  study. 

Materia  1 s. --Radiotelemetry  equipment  consisted  of  15>  296  MHz  squirrel- 
type  transmitters  and  an  AVM  Model  12  receiver.  The  transmitters  were 
attached  to  neck  collars.  The  total  weight  of  collar  and  transmitter 
was  approximately  20  g.  The  materials  for  the  transmitters  were 
purchased  from  AVM  Instrument  Co.,  Champaign,  Illinois. 

Procedures. --Fox  squirrels  were  livetrapped  in  the  south  half  of  Trelease 
Woods  during  February  1976  and  January  1977*  Seven  adult  females  that 
appeared  to  be  reproduct i ve 1 y  active  were  etherized,  ear-tagged,  and 
fitted  with  transmitters  during  4-6  February  1976;  radios  were  also 
placed  on  eight  similar  females  on  24  January  1977*  Squirrel  locations 
were  determined  by  using  a  hand-held  directional  antenna  connected  to 
the  radio  receiver.  Compass  bearings  to  the  locations  of  the  squirrels 
were  taken  at  two  or  more  of  the  numbered  permanent  stakes  set  50  m 
apart  in  Trelease  Woods.  The  resulting  "fixes"  were  later  plotted  on 
scaled  maps  of  the  woods. 
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In  1976,  the  squirrels  were  tracked  from  4  February  until  16  March. 
In  1 977 >  radio-tracking  extended  from  24  January  until  26  March.  Fixes 
were  taken  diurnal ly  and  almost  daily,  with  a  minimum  of  1.5  hr  between 
observations.  Sufficient  fixes  were  taken  on  six  squirrels  in  1976  and 
on  two  squirrels  in  1977  to  allow  statistical  analyses.  For  these  eight 
squirrels,  a  total  of  377  fixes  were  taken  (range,  31-63)  for  an  average 
of  47.1  per  squirrel.  The  center  of  activity  (Hayne,  1949)  of  each  of 
these  eight  squirrels  was  determined.  Fix  points  from  these  eight 
squirrels  around  their  respective  centers  of  activity  were  used  to 
calculate  a  standard  diameter,  standard  range,  and  whole  range  (Harrison, 
1958)  for  adult  female  fox  squirrels  during  their  winter  breeding  season. 

Each  time  a  squirrel  was  located  in  a  tree,  the  species  of  tree  was 
noted.  For  trees  used  frequently  as  den  sites  by  the  squirrels  (primary 
den  sites),  the  species,  DBH,  den  direction,  den  height  (measured  with 
an  altimeter),  and  tree  height  were  determined.  Also,  the  1978  inventory 
of  the  vegetation  in  Trelease  Woods,  furnished  by  D.  R.  Pelz,  University 
of  Illinois  Forestry  Department,  facilitated  determination  of  the 
average  basal  area  of  the  leading  dominant  tree  species  per  hectare 
within  the  standard  range  of  the  eight  adult  female  squirrels  and  the 
basal  area  per  hectare  of  the  same  tree  species  in  the  entire  woodlot. 


RESULTS 

The  center  of  activity  (Hayne,  1949);  which  is  the  geographic  center 
of  all  fixes  for  a  particular  squirrel,  is  shown  for  six  adult  female 
fox  squirrels  for  February  and  March,  1976,  in  Figure  1  and  for  two 
adult  female  squirrels  for  January-March,  1977;  in  Figure  2.  The  primary 
den  sites  and  breeding  condition  of  these  eight  squirrels  and  other 
squirrels  wearing  transmitters  are  also  shown  with  their  corresponding 
ear-tag  numbers  in  the  figures.  The  localities  of  two  adult  female 
fox  squirrels  without  radios  in  1976  (#5^+1  and  #547)  are  shown  in  Figure 
1.  These  two  squirrels  (both  lactating)  were  livetrapped  at  least 
three  times  during  attempted  retrieval  of  the  radios  after  completion 
of  the  first  spring  of  study.  The  average  distance  between  the  centers 
of  activity  for  the  closest  adjacent  adult  females  was  152  +  25  m  (SE) 

(N  =  5;  range  =  92  -  215  m)  in  1976  and  1977*  The  average  distance 
between  the  primary  den  site  of  an  adult  female  and  the  primary  den 
sites  of  its  two  closest  neighbors  was  1 16  +  8  m  (SE)  (N  =  30,  range  = 

51  -  221  m) .  The  farthest  fix  of  a  squirrel  from  its  center  of 
act i vi ty  was  200  m. 

Harrison  (1958:193)  utilized  the  idea  of  a  series  of  concentric 
probability  zones  surrounding  the  center  of  activity  and  within  which 
an  animal  spends  varying  proportions  of  its  time.  From  this  concept 
Harrison  (1958:198)  formulated  a  standard  diameter  that  "defines,  by 
implication,  a  'standard  range,'  the  circle  of  standard  diameter, 
which  will  contain  68.26  percent  of  all  trappings."  The  standard 
diameter  can  be  estimated  by  plotting  the  normal  deviates  of  the 
frequency  of  radio  fixes  against  the  observed  diameters  around  the 
center  of  activity,  drawing  the  line  of  best  fit,  and  noting  where  it 
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TRELEASE  WOODS 
1976 


METERS 


Figure  1.  Ear-tag  numbers,  primary  den  sites,  and 
centers  of  activity  with  standard  ranges  of 
six  radio-collared  adult  female  fox  squirrels 
in  Trelease  Woods  during  Februa ry-Ma rch  1976. 
Squirrels  with  ear-tag  numbers  5^1  and  5^7 
were  livetrapped  at  least  three  times  in  their 
respective  localities  at  the  completion  of  the 
1976  radio  study.  Reproductive  status  is  denoted 
as  active  (lactating  or  pregnant)  =  A,  inactive  = 
I,  and  unknown  -  U. 
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TRELEASE  WOODS 
1977 


METERS 


Figure  2.  Ear-tag  numbers  and  primary  den  sites  of 
rad io-co I  1  a  red  adult  female  fox  squirrels  in 
Trelease  Woods  during  Janua ry-Ma rch  1977. 
Centers  of  activity  with  standard  ranges  are 
shown  for  numbers  574  and  578.  Squirrel 
number  539  was  found  dead  in  its  designated 
location  before  the  onset  of  the  radio  study 
in  January  1977*  Reproductive  status  is 
denoted  as  active  (lactating  or  pregnant)  = 

A,  inactive  =  X,  and  unknown  =  U. 
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cuts  the  abscissa  of  unit  deviate.  Utilizing  377  total  fixes  for  eight 
adult  female  fox  squirrels  in  this  manner  (Table  l),  a  standard  diameter 
of  120  m  was  determined  (Fig.  3)»  Thus,  68.26  percent  of  the  calculated 
activity  of  adult  female  fox  squirrels  in  late  winter  took  place  within 
a  circle  (a  standard  range)  with  a  standard  diameter  of  120  m  around 
their  centers  of  activity.  The  area  of  this  standard  range  is  1.13  ha. 
Correspondingly,  Harrison  (1958:204)  stated  that  an  animal  would  spend 
99*9  percent  of  its  time  within  a  diameter  of  3-29  standard  diameters; 
this  calculation  resulted  in  a  whole  range  area  of  12.24  ha  for  the 
average  breeding  adult  female  fox  squirrel  in  Trelease  Woods  during 
this  study. 

Table  1.  Percentage  of  radio  fixes  in  circles  of  increasing  diameters, 
located  around  the  calculated  centers  of  activity  of  eight 
adult  female  fox  squirrels  during  February-March  1976  and 
January-March  1977  in  Trelease  Woods,  Champaign  County,  Illinois. 


Diameter 
of  Circle 
(m) 

Number 
of  Fixes 

Cumulat i ve 
Number  of 
Fixes 

Percent 

of 

Tota  1 

Probi ts 

40 

107 

107 

28.4 

0.3638 

80 

103 

210 

55.7 

0.7688 

120 

81 

291 

77.2 

1.2055 

160 

36 

327 

86.7 

1.5063 

200 

12 

339 

89-9 

1 . 6449 

240 

20 

359 

95.2 

1.9774 

280 

7 

366 

97.  1 

2. 1808 

320 

7 

373 

98.9 

2.5556 

360 

1 

374 

99-2 

2.6521 

400 

3 

377 

100. 0 

The  standard  ranges,  based  on  a  standard  diameter  of  120  m,  for  six 
squirrels  (at  least  three  of  which  were  reproduct i ve 1 y  active)  are  shown 
in  Figure  1  and  for  two  squirrels  are  shown  in  Figure  2.  In  1976  (Fig.  1), 
the  reproductive  status  of  the  squirrels  was  as  follows:  squirrels  #529 > 

53 1 ^  53 7 >  539>  541,  and  547  were  active  (A  =  lactating  or  pregnant); 
squirrels  #532  and  533  were  inactive  (X);  and  squirrel  #527  was  unknown 
(U) .  The  standard  ranges  of  #527  (U)  and  #537  (A)  overlapped  as  did  the 
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NORMAL  DEVIATE  AND  CORRESPONDING  PERCENTAGE 


standard  ranges  of  #532  (I)  and  #533  (I)  (Fig.  1).  Besides  the  overlap 
of  the  standard  ranges  of  these  squirrels,  the  following  intrusions  of 
the  standard  range  of  a  radio-marked  squirrel  by  another  radio-marked 
squirrel  occurred:  #533  (X)  was  found  twice  in  the  standard  range  of 
#532  (I);  #533  (I)  was  found  five  times  in  the  standard  range  of  #539 
(A);  and  #537  (A)  was  found  once  in  the  standard  range  of  #527  (U) . 


Figure  3*  Plot  of  the  normal  deviates  of  the  frequency 
of  radio  fixes  within  the  diameters  of  circles 
around  the  centers  of  activity  against  the  observed 
diameters  of  the  circles  for  eight  adult  female 
fox  squirrels.  The  standard  diameter  for  the 
squ i r re  1 s  is  1 20  m. 
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In  1977>  the  rate  of  winter  breeding  of  adult  female  fox  squirrels 
was  exceptionally  high  in  other  study  areas.  The  reproductive  status  of 
the  radio-equipped  squirrels  was  as  follows:  squirrels  #539*  564,  568, 
and  570  were  active;  the  remaining  squirrels  were  unknown.  We  assume 
that  most  of  the  adult  female  squirrels  in  this  study  during  1977  were 
reproduct i vel y  active.  Standard  ranges  of  squirrels  #574  (U)  and  #578 
(U)  did  not  overlap  (Fig.  2).  However,  #572  (U)  was  found  once  within 
the  standard  range  of  #574  (U),  and  the  primary  den  site  of  #572  was 
at  the  fringe  of  the  standard  range  of  #574.  Also,  the  primary  den 
site  of  squirrel  #576  (U)  was  at  the  edge  of  the  standard  range  of  #578 
(U)  and  undoubtedly  entered  this  range. 


The  basal  areas  for  all  tree  species  in  the  standard  ranges  of  the 
eight  squirrels  were  tallied.  The  average  basal  areas  per  hectare  for 
the  leading  dominant  tree  species  in  the  standard  ranges  of  the  squirrels 
were  compared  by  chi-square  analyses  with  the  basal  areas  per  hectare 
of  the  leading  dominant  tree  species  for  Trelease  Woods  (Table  2).  These 
leading  dominant  tree  species  are  well  distributed  throughout  Trelease 
Woods  (Pelz  and  Rolfe,  1977)*  There  were  no  significant  differences  in 
the  basal  areas  per  hectare  of  the  dominant  tree  species  in  the  squirrel 
ranges  as  compared  with  the  basal  areas  per  hectare  of  these  species 
available  to  the  squirrels  in  the  entire  woodlot.  Apparently,  these 
squirrels  did  not  show  preference  regarding  tree  species  for  their  areas 
of  greatest  activity.  However,  47  percent  of  the  fixes  taken  when  the 
squirrels  were  active  occurred  in  red  oak  trees.  This  percentage  is 
significantly  higher  than  the  percentage  of  red  oak  trees  in  Trelease 
Woods  (1  percent;  Pelz  and  Rolfe,  1977)*  However,  red  oak  acorns  were 
the  prime  food  source  for  fox  squirrels  during  February  and  March  in 
Trelease.  The  tree  species  with  the  second  highest  percentage  of 
fixes  for  active  squirrels  was  sugar  maple  which  accounted  for  27 
percent  of  the  fixes.  This  is  similar  to  the  percentage  of  sugar 
maples  in  Trelease  (26.6  percent)  (Pelz  and  Rolfe,  1977)  • 


The  female  squirrels  also  used  mostly  red  oaks  and  sugar  maples 
for  their  primary  den  sites  (Table  2).  Sanderson  et  al.  (1976)  found 
that  gray  squirrels  frequently  used  red  oaks  and  sugar  maples  as  den 
sites.  Sanderson  et  al.  (1976:613)  determined  that  gray  squirrels 
preferred  live  trees  40  cm  DBH  or  larger  for  den  trees.  We  found  that 
the  average  DBH  of  primary  den  trees  used  by  fox  squirrels  was  65  cm 
(Table  3)>  that  most  dens  faced  south  to  easterly,  and  that  the  average 
height  of  primary  dens  was  11-3  or  approximately  44  percent  of  the 
average  height  of  the  den  trees. 


DISCUSSION 


We  were  not  primarily  concerned  with  the  shape  of  the  adult  female 
fox  squirrels*  home  ranges  in  this  study.  As  Sanderson  (1966:230) 
noted,  the  "shape  of  the  home  range  appears  to  have  little  significance 
in  itself.  .  .  ."  Instead,  Sanderson  ( 1 966 )  suggested  that  investigators 
should  concentrate  on  ecological  relationships,  because  movement  patterns 
are  established  and  regulated  by  such  factors  as  species  density, 
reproductive  activity,  food  supply,  and  physiographic  arrangement  of  the 
habitat.  Thus,  we  calculated  the  centers  of  activity  and  standard 
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diameters  for  the  squirrels  from  radio-tracking  data  to  investigate  the 
interaction  of  adult  female  fox  squirrels  during  their  critical  late-winter 
breeding  season.  In  addition,  the  standard  diameter  gives  a  figure 
useful  for  comparative  purposes,  and  an  area  figure--the  standard  range- 
can  be  calculated  if  desired. 


Table  2.  Average  basal  area  for  the  leading  dominant  tree  species 
(DBH  >-6.60  cm)  within  the  standard  range  of  eight  adult 
female  fox  squirrels  and  the  basal  area  of  the  leading 
dominant  tree  species  in  Trelease  Woods. 


Species 

Average  Basal  Area 
in  Standard 

Range  of  Adul t 

Female  Fox  Squirrels 
(m^/ha) 

Basal  Area 
i n  T release 
Woods 
(nrr/ha)— 

Sugar  maple 

(Acer  saccharum) 

8.56 

8.05 

White,  green,  and  blue  ash 
(Fraxinus  americana, 

F.  pennsy 1  van ica, 

F.  quadranqu lata) 

3.70 

4.15 

Red  oak 

(Quercus  rubra) 

2.28 

2.57 

Hackberry 

(Celt  is  occ i denta 1 i s) 

1.85 

3.07 

American  and  slippery  elm 
(Ulmus  americana  and 

U.  rubra) 

1.65 

2.02 

Basswood 

(Ti l ia  americana) 

1.28 

1.70 

Black  walnut 

(Juqlans  niqra) 

1.19 

1.51 

Bur  oak 

(Q.  macrocarpa) 

1.15 

1.42 

Ohio  buckeye 

(Aesculus  qlabra) 

1.03 

1.33 

-  Pelz  and  Rolfe  (1977:448). 


32 


Table  3*  Characteristics  of  trees  having  cavities  used  as  primary  den 

sites  by  radio-collared  adult  female  fox  squirrels  in  Trelease 
Woods,  Champaign  County,  Illinois. 


Tree  Species 

DBH 

(cm) 

Canopy^- 

T  ree 
Height 
(m) 

Den 

He i ght 

On) 

D i rect ion 
of  Den 
Open i ng 

Red  oak 

(Quercus  rubra) 

86.4 

Cod 

33*2 

16.2 

N 

67*  1 

Dead 

24.4 

15*9 

86.4 

Cod 

30.5 

14.3 

S 

80.5 

Cod 

27*7 

11*9 

SE 

78.2 

Dead 

19*8 

68.1 

Cod 

26.2 

93*0 

Cod 

30.2 

Sugar  maple 

(Acer  saccharum) 

101.6 

Dorn 

31*0 

10.4 

SW 

45*7 

Sup 

16.8 

9*  1 

NW 

38.4 

Sup 

23*5 

9*1 

E 

54.6 

Cod 

23*2 

11.6 

W 

46.0 

Cod 

29*3 

13*1 

S 

46.2 

Cod 

28.4 

9*8 

E 

50.8 

Cod 

27*4 

Basswood 

(Ti 1 ia  amer icana) 

49.3 

Cod 

27*4 

9*8 

SE 

63.5 

Cod 

25.3 

6.1 

S 

Wh i te  ash 

(Fraxinus  americana) 

65.3 

Cod 

29*9 

17*1 

SE 

Kentucky  coffee  tree 

(Gymnocladus  dioicus) 

39*1 

Sup 

25*9 

10. 1 

SE 

Silver  maple 

(A.  saccharinum) 

66.8 

Dead 

7*0 

5*5 

E 

Mean 

64.6 

25*6 

11*3 

—  Cod  =  codominant 


Dorn  =  dominant;  Sup 


suppressed. 


During  the  late-winter  breeding  season  for  fox  squirrels  in  Illinois, 
pregnancy  peaks  in  February  and  lactation  peaks  in  March  (Brown  and  Yeager, 
1945:477)*  Although  fox  squirrels  have  another  breeding  period  in  late 
summer,  the  late-winter  breeding  period  may  be  more  important  to  fox 
squirrel  populations.  Brown  and  Yeager  (1945:487)  found  that  a  higher 
percentage  of  adult  fox  squirrels  bred  during  the  winter  breeding  period 
than  during  the  summer  breeding  season  (78  percent  vs.  44  percent).  In 
addition,  young  fox  squirrels  born  during  the  winter  season  may  have 
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higher  survival  than  young  born  during  the  summer  season,  as  reported  for 
gray  squirrels  (Barkalow  et  a!.,  1970:498;  Nixon  and  McClain,  1975:18). 

The  importance  of  the  winter  breeding  season  in  conjunction  with 
the  apparent  pugnaciousness  and  intolerance  of  breeding  female  squirrels 
for  other  squirrels  during  this  period  is  ecologically  significant. 

Each  breeding  female  may  require  or  demand  a  certain  minimum  area  to 
successfully  feed  and  raise  a  spring  litter.  If  this  is  true,  then 
the  spacing  of  reproducing  female  squirrels  may  limit  the  population 
density  of  female  fox  squirrels. 

We  found  that  den  locations  and  centers  of  activity  of  radio-tracked 
adult  female  fox  squirrels  during  the  winter  breeding  season  appeared  to 
be  somewhat  uniformly  distributed  (Figs.  1  and  2).  The  shortest  distance 
between  primary  den  sites  of  adjacent  adult  females  was  51  ro  and  the 
closest  centers  of  activity  were  92  m  apart.  Apparently,  the  defense 
by  breeding  female  fox  squirrels  of  nest  trees  and  immediate  areas  around 
nest  trees  (Adams,  1973;  McCloskey,  1975)  may  result  in  a  distribution 
that  approaches  uniformity.  However,  radio-collared  adult  females  did 
enter  the  standard  ranges  of  radio-tracked  breeding  females  during  our 
study. 


the  same 
adult  female 
l i vet  rapped 


Benson  (1975:28)  and  McCloskey  (1975:50)  found  that  the  home  ranges 
of  adult  female  fox  squirrels  only  partially  overlapped.  Nixon  et  al. 
(1975:21)  suggested  that  the  low  occurrence  of  captures  of  different 
nursing  female  gray  squirrels  in  the  same  live  trap  during 
trapping  period  indicated  that  the  home  ranges  of  breeding 
gray  squirrels  may  be  largely  mutually  exclusive.  We  have 
two  upland  hardwood  study  areas  in  Vermilion  County,  Illinois,  which 
contain  primarily  fox  squirrels.  One  study  area  was  livetrapped  for 
six  consecutive  springs  (March-May)  and  falls  (October).  The  other 
area  was  livetrapped  for  two  springs  (March).  We  calculated  an  index 
of  home  range  overlap  between  and  within  sexes  by  using  the  sequence 
of  capture  of  individual  squirrels  in  traps  as  explained  by  Hansen 
(1978:58).  Based  on  287  total  captures  of  adult  fox  squirrels  in  the 
spring  and  137  captures  in  the  fall,  a  chi-square  test  of  homogeneity 
of  trap  captures  showed  a  significant  difference  in  overlap  values 
from  expected  values  in  the  spring  but  not  in  the  fall  (Table  4).  Of 
the  287  spring  captures,  there  were  46  captures  of  different  squirrels 
in  the  same  live  trap  during  the  same  trapping  period  (Table  4). 

However,  only  four  of  these  double  captures  were  different  adult  females, 
well  below  the  expected  value  of  14.4.  Thus,  this  low  occurrence  of 
double  female  captures  contributed  most  to  the  chi-square  value  (Table 
4).  The  avoidance  evident  between  adult  females  apparently  did  not 
occur  in  October,  when  most  fox  squirrels  have  finished  breeding  and 
are  actively  seeking  and  storing  mast  supplies  for  the  approaching 
winter. 


Why,  then,  should  breeding  female  squirrels  maintain  some  minimal 
distance  among  themselves  during  the  reproductive  season?  Geeslin 
(1970:109)  surmised  that  the  spacial  arrangement  of  the  home  ranges 
of  fox  squirrels  seemed  to  be  primarily  a  function  of  food  supply. 
Bakken  (1952:113)  noted  that  nest  sites  and  food  may  be  the  principal 
factors  determining  the  occupation  of  an  area  by  squirrels.  Another 
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Table  4.  Chi-square  analysis  of  overlap  (different  squirrels  caught 
in  same  trap  during  the  same  trapping  period)  of  adult  fox 
squirrels  based  upon  287  spring  livetrap  captures  and  137 
fall  captures  in  upland  hardwood  timber.  Vermilion  County, 
Illinois. 


Spring 

Fall 

d*  cf 

cf  9 

9  9 

cf  cf 

cf  9 

9  9 

Obse  rved 

13 

29 

4 

2 

6 

5 

Expected 

8.9 

22.7 

14.4 

2.6 

6.6 

3.9 

Ch  i  -squa re 

=  1.88 

+  1.77  + 

7-54 

0.15 

+  0.05 

+  0.29 

=  11.19^ 

=  0.49 

-  P  <0.005,  2  df . 


possible  reason  may  be  related  to  intraspecific  stress.  Christian  (1971) 
demonstrated  that  the  reproductive  functions  of  female  animals  are 
hampered  by  social  stress.  Female  squirrels  may  confine  their  breeding 
activities  and  caring  of  young  to  areas  near  their  centers  of  activity. 
Thompson  (1977:1180)  noted  that  female  gray  squirrels  mated  no  farther 
than  30  m  from  their  centers  of  activity.  Ruff  (1971)  found  that  after 
conception,  female  Uinta  ground  squirrels  (Spermoph i 1  us  armatus) 
defended  limited  areas  around  their  burrows  and  that  this  territoriality 
acted  to  reduce  heart  rate  and,  therefore,  stress. 

We  calculated  a  standard  diameter  of  120  m  for  eight  adult  female 
fox  squirrels  in  this  study.  Doebel  and  McGinnes  (1974:865)  found  a 
standard  diameter  of  93  m  for  adult  gray  squirrels  and  an  average 
standard  diameter  of  88  m  for  all  sex-  and  age-classes  of  gray  squirrels. 
We  determined  a  standard  range  of  1.13  ha  and  an  approximate  home  range 
of  12.24  ha  for  our  squirrels.  Other  home  range  estimates  of  adult 
female  fox  squirrels  range  from  0.44  to  5*3  ha  (Bakken,  1952:158;  Geeslin, 
1970:109;  Donohoe  and  Beal,  1972:12;  Adams,  1973:12;  Benson,  1975:31; 
Chesemore,  1975:325;  McCloskey,  1975:49)*  However,  the  activity  of 
female  fox  squirrels  may  be  reduced  in  February  and  March  by  cold 
weather  (Allen,  1943:154;  Brown  and  Yeager,  1945:464;  Geeslin,  1970:62; 
Adams,  1973:104)  and  by  decreased  movement  of  pregnant  and  lactating 
females  (Goodrum,  1937:501;  Bakken,  1952:167;  Taylor,  1986:234;  Geeslin, 
1970:58;  Adams,  1973:80).  However,  lactating  females  undoubtedly 
increase  their  activities  during  April  and  May  when  the  energy  cost  of 
lactation  substantially  increases  (Havera,  1978). 

Although  the  female  squirrels  did  not  show  any  preference  in  the 
vegetational  makeup  of  their  standard  ranges  (Table  2),  they  apparently 
selected  red  oaks  for  daytime  activity  (feeding)  and  for  den  sites 
(Table  3)*  Red  oak  acorns  are  poorer  nutritionally  for  fox  squirrels 
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than  other  mast  diets  in  Trelease  Woods  (Havera,  1978),  but  little  other 
mast  was  available  to  the  squirrels  in  Trelease  during  February  and 
March  1976  and  1977- 
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ABSTRACT  -  Activity  rhythms  of  six  male 
gerbils,  Mer i ones  unguiculatus ,  were 
monitored  under  continuous,  dim  illumin¬ 
ation  for  IB  months.  A  circannual  activity 
rhythm  was  obtained  for  all  animals;  the 
first  minimum  occurred  in  December-January , 
the  second  minimum  in  February,  and  the 
maximum  in  April.  Individually,  the  ani¬ 
mals  had  unique  circannual  periods  with 
highs  and  lows  being  statistically  signi¬ 
ficant.  The  results  can  be  explained  by 
both  the  external  and  internal  hypotheses 
relating  to  biological  clocks. 


INTRODUCT ION 


"Clocks"  timing  biological  rhythms  may  be  defined 
ambiguously  as  that  mysterious  mechanism(s)  used  by  organ¬ 
isms  for  timekeeping  purposes.  Although  "clocks"  have  many 
periods  each  with  various  lengths,  this  paper  emphasizes 
circannual  in  that  its  length  is  approximately  one  year. 

Only  recently  have  circannual  rhythms  and  clocks  been  in¬ 
cluded  in  cyclic  studies.  Its  cognomen  has  changed  over  the 
years,  from  "circennial"  (Farner,  1970)  to  "circannian" 
(Pengelley,  1967)  to  the  present  and  most  widely  accepted 
expression  "circannual." 

The  classical  publications  give  little  reference  to 
the  topic,  (Bunning,  1973;  Cold  Spring  Harbor,  1960;  Harker, 
1964;  Aschoff,  1965;  and  Sollberger,  1965).  A  more  recent 
symposium  has  one  chapter  on  circannual  rhythms  (Menaker, 
1971).  Presently  one  can  find  entire  symposia  devoted  to 
the  topic,  C ircannual  C locks  (Pengelley,  1974).  It  is 
obvious  that  interest  in  circannual  rhythms  is  increasing 
as  evidenced  by  the  quantity  of  research  papers  being 
pub  1  i  shed . 
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A  milestone  in  this  area  of  study  began  with  the 
historical  works  of  Garner  and  Allard  (1920)  with  plants 
and  Rowan  (1925)  with  birds.  As  with  all  rhythmic  studies, 
the  topics  ran  the  gamut  of  research  subjects.  Seasonal 
activity  rhythms  have  been  reported  in  Kangaroo  rats  (Kenagy 
1976),  fish  (Andreasson  and  (Yluller,  1969),  Wood  mice 
(Gurness,  1974),  and  birds  (lYlcIYl i  1  lan  et  al.,  1970). 

Berthold  (1969)  and  Gwinner  (1975)  researched  annual  re¬ 
productive  rhythms  in  birds.  Hamilton  (1962)  reported 
circannual  rhythms  in  bird  migration,  and  Gronau  and  Schmidt 
Koenig  (1970)  studied  yearly  fluctuations  in  pigeon  homing. 

Laboratory  studies  of  circannual  rhythms  reflect 
properties  similar  to  those  of  circadian  rhythms.  The 
potentially  constant  condition  of  the  laboratory  aids  in 
elucidating  the  nature  of  the  underlying  timing  mechanism. 
5uch  conditions  were  employed  to  study  the  circannual  lo¬ 
comotor  rhythms  of  squirrels  (Mrosovsky  et  al.,  1976)  and 
birds  (Pohl,  1971).  Circannual  frequencies  of  body  weight 
and  hibernation  in  squirrels  were  reported  by  David  (1976) 
and  Mrosovsky  and  Lang  (1971).  Long-term  cycles  of  the 
reproductive  system  were  found  in  crayfish  (Jegla  and 
Poulson,  1970),  mice  (Haus  and  Halberg,  1970),  and  monkeys 
(Michael  and  Bonsall,  1977).  Brown  and  Park  (1975)  de¬ 
scribed  an  annual  sensitivity  to  light  in  planarians,  and 
Brock  (1975)  detailed  growth  and  development  cycles  in 
cnidarians . 

Circannual  rhythms  provide  the  organism  with  the 
adaptive  advantage  of  anticipating  future  environmental 
situations  and  help  synchronize  the  various,  complex  physi¬ 
ological  processes  occurring  within  the  organism.  It  is 
hoped  that  this  study  furthers  the  knowledge  of  the  pro¬ 
perties  of  this  phenomenon,  and  will  alert  other  scientists, 
as  circannual  rhythms  might  affect  the  outcome  of  their 
research . 


MATERIALS  AND  ME  T HDD 5 

Six,  6  week-old  male  Mongolian  gerbils,  Meriones 
unguicu latus ,  were  housed  singly  in  activity  chambers  which 
were  pivoted  on  a  knife  blade.  Partitions  within  th  ac¬ 
tivity  chamber  forced  the  animal  to  walk  around  the  outer- 
edge  (Boyer  and  Truchan,  1969).  As  movement  occurred,  the 
cage  tipped  causing  a  deflection  of  one  of  two  micro- 
switches  positioned  under  opposite  corners  of  the  cage. 

The  micro-switches  were  wired  to  a  2D  channel  Esterline 
Angus  recorder  which  continuously  monitored  the  deflections 
and/or  movements  of  the  gerbils.  Purina  rat  chow  and  water 
were  replenished  ad  1 i bi turn ,  and  any  necessary  mainten¬ 
ance  was  provided  at  random  hours,  every  5  to  ID  days. 

Data  collection  began  7  October  1975  and  ceased  31 
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March,  1977.  Three  animals  died  uuithin  the  last  month  of 
the  experiment.  The  six  activity  chambers  were  placed  in 
a  circular  fashion  around  a  central,  continuous  dim  light 
source  of  four,  six-watt  incandescent  light  bulbs.  The 
intensity  of  the  light  at  the  center  of  the  cage  was  2.2 
lux  as  measured  by  a  Uieston  light  meter  (Model  No.  703-60). 
Frequent  replacement  of  the  lamp  bulbs  prevented  dimuation 
of  the  light  intensity  and  bulb  failures.  The  room  was 
thermostatically  controlled  at  20  +  2°C ;  during  experi¬ 
mentation,  the  temperature  was  registered  continuously  by 
a  Taylor  Thermograph  Recorder  (Model  No.  2350).  Any  de¬ 
viation  in  temperature  was  not  seasonally  correlated. 

The  approximate  66,000  gerbil-hours  of  data  recorded 
by  the  Esterline  Angus  were  quantified  by  measuring  the 
percent  of  each  hour  that  an  animal  was  active.  A  value 
of  0  was  assigned  to  indicate  rest,  and  10  was  assigned 
to  indicate  100  percent  activity  during  any  hour  that 
activity  was  monitored.  Via  this  method,  mean  hourly, 
daily,  and  monthly  activity  could  be  obtained  for  each 
gerbil  and  averaged  for  .six  gerbils.  The  strips  from  the 
event  recorder  were  sectioned,  so  that  consecutive  days 
of  data  for  one  gerbil  could  be  placed  below  one  another 
to  identify  any  overt  activity  pattern.  The  free-running 
period  of  each  gerbil  was  calculated  by  noting  the  daily 
periods  for  an  experimental  animal  which  were  averaged; 
and,  a  standard  deviation  was  determined  for  the  entire 
18-month  experiment.  The  daily  period  was  measured  from 
a  clear,  regular  recurring  point,  either  activity  onset 
to  activity  onset  or  end-of -ac t i vi ty  to  end-of-ac ti vi ty . 

It  is  well  known  that  animals  which  share  a  common  room 
might  mutually  entrain  each  other  by  auditory  and/or  ol¬ 
factory  events.  Such  mutual  entrainment  was  not  noted 
by  the  author. 


RESULTS 


Figure  1  illustrates  the  circannual  rhythms  for  the 
mean  monthly  activity  for  all  gerbils,  and  the  circannual 
cycle  of  two  representative  animals.  (Nos.  1  and  5).  The 
cyclic  pattern  is  strong  and  consistent;  there  are  distinct 
minima  (L^  and  L2)  around  December-January  and  January- 
February,  and  a  maximum  April-May  on  the  summated  curve. 

Because  each  animal  has  its  genetic  history,  no  two 
cyclic  patterns  are  identical.  The  first  low  point  of 
activity  (Li)  for  Animal  1  (Fig.l)  is  in  January  and  a 
second  at  (L2)  in  December;  its  peak  of  activity  occurs 
in  May.  Animal  5  shows  the  first  minimum  activity  point 
during  December-January  and  a  second  in  February,  over 
a  year  later;  the  maximum  occurs  in  March. 

The  activity  maximum  of  the  summated  curve  was  not 
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ACTIVITY  C  X  ir 


MONTHS 


Figure  1.  Circannual  Rhythm  of  Activity  of  the  Gerbil.  The 
solid  curve  represents  the  composite  of  the  monthly  mean 
for  six  gerbils.  The  dot-curve  and  dashed-curve  are  the 
circannual  rhythm  of  Animals  1  and  5  respectively.  Li- 
First  minimum  of  activity;  L2-  Second  minimum  of  activity; 
H-lYlaximum  of  activity. 
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ANIMAL 


Figure  2.  _+  One  standard  deviation  around  the  high  and  low 

activity  months  for  six  gerbils,  each  animal  acting  as 
its  own  control.  Probability  was  determined  by  student's 
t  test  indicating  statistical  significance  between  high 
and  low  months. 
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statistically  significant  from  the  activity  minimum. 

The  amount  of  activity  for  any  animal  was  quite  different 
(Fig.  1);  range  occurred  from  2%  to  35%  mean  activity. 
Animals  1  and  5  are  illustrated  as  examples;  animals  2, 

3,  4,  and  6  fall  on  either  side  of  these  two  representa¬ 
tives  (Fig.  1). 

Another  common  analytical  method  in  periodic  studies 
is  for  each  experimental  animal  to  act  as  its  own  control. 
This  is  demonstrated  in  Figure  2  which  compares  the  lows 
of  each  circannual  rhythm  of  a  gerbil  with  its  high. 

For  all  but  two  animals  (Animals  3  and  4)  are  the  valleys 
and  peaks  statistically  different  from  each  other. 

The  null  hypothesis  would  assert  that  there  is  no 
difference  between  the  high  and  low  point  of  activity. 

The  probability  (P)  of  four  of  the  animals  was  .001 
(student's  t  test)  which  indicated  that  the  difference 
between  the  high  and  low  did  not  occur  by  chance;  that  is, 
there  is  a  statistically  significant  circannual  rhythm. 

The  statistical  description  reinforces  the  strong  visual 
impression . 

Table  1  lists  the  free-running  periods  for  all  six 
gerbils  and  the  recurring  point  from  which  it  was  calcu¬ 
lated,  either  activity  onset  or  end-of-activi ty .  Each 
animal  has  a  free-running  period,  which  results  from  a 
lack  of  entrainment  to  a  physical  parameter,  greater  than 
24-hours . 

TABLE  1.  The  free-running  period  for  the  six  experimental 
animals  and  the  point  of  measurement. 


Animal 

Period 
(hr .  ) 

Point  of 
Measurement 

1 

24.42 

+ 

0.62 

End  of  Activity 

2 

24.67 

+ 

0.92 

Onset  of  Activity 

3 

24.50 

0.52 

E  nd  of  Ac tivi ty 

4 

24.58 

+ 

1.17 

End  of  Activity 

5 

24.67 

+ 

0.73 

Onset  of  Activity 

6 

24.58 

+ 

0.63 

End  of  Activity 
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DISCUSSION 


According  to  Figures  1  and  2  an  external  expression  of 
circannual  rhythm  of  activity  in  the  Mongolian  gerbil. 
Evidenced  is  a  peak  around  April-May  and  a  low  around 
December-January-February. 

Criteria  in  determining  circannual  periods  (Pengelley 
and  Asmundson,  1974)  include  (l)  the  absence  of  synchroni- 
ation  with  any  geophysical  rhythm;  (2)  rhythm  either  longer 
or  shorter  than  a  year  and  at  least  a  cycle  and  a  half  to 
demonstrate  this  criterion;  and  (-3)  a  rhythm  relatively 
independent  of  the  ambient  temperature. 

Circannual  activity  rhythms  found  in  mammals  are  not 
common.  Mrosovsky  et  al.  (1976)  and  Pengelley  and  Asmund¬ 
son  (1970)  reported  a  circannual  rhythm  of  circadian  acti¬ 
vity  cycles  in  a  golden  mantled  ground  squirrel.  Stutz 
(1973),  studying  seasonal  differences  in  activity  in  the 
Mongolian  gerbil,  showed  synodic  monthly  rhythms  as  in¬ 
dicative  of  a  circannual  rhythm.  The  data  reported  here, 
resulting  from  constant  conditions,  are  supportive  of  the 
conclusion  of  cirrannual  activity  rhythms  in  the  Mongolian 
gerbil. 

There  are  two  fundamental,  theoretical  views  which 
attempt  to  explain  biological  rhythms,  the  endogenous  and 
exogenous  timing  hypotheses.  For  an  excellent  and  simpli¬ 
fied  survey  the  reader  is  directed  to  see  Palmer  (1976). 
Seasonal  rhythms  can  be  accounted  for  by  the  natural  en¬ 
trainment  of  a  physiological  process  to  the  annual  rhythms 
of  photoperiod,  temperature,  barometric  pressure,  weather, 
etc.  In  addition,  these  environmental  parameters  may 
entrain  some  unknown,  endogenous,  circannual  clock  which 
would  then  control  the  physiological  rhythm.  Under  the 
constant  conditions  of  the  laboratory  the  annual  clock 
without  entrainment  seeks  its  natural  frequency  or  assumes 
its  circannual  frequency.  Goss  (1969)  clearly  demonstrated 
the  effect  of  photoperiod  in  entraining  the  antler  replace¬ 
ment  cycles  in  deer.  Pengelley  and  Asmundson  (1970)  re¬ 
ported  that  blinded  squirrels  produce  more  accurately 
defined  circannual  rhythms  than  sighted  animals,  thus 
indicating  the  photoperiod  influenced  the  circannual  clock. 
The  annual  rhythms  of  moult,  migratory  restlessness,  and 
reprodective  capabilities  in  birds  are  modified  by  the 
photoperiod  (Gwinner,  1973;  Lewis,  1975).  Conflicting 
data  were  obtained  by  Hammer  (1971).  In  his  experiments 
with  birds,  the  photoperiod  did  not  entrain  a  circannual 
rhythm  since  he  could  not  demonstrate  the  presence  of  a 
circannual  rhythm  under  his  experimental  conditions. 

Elliott  (1976)  has  drawn  opposite  conclusions  with  mammals 
and  has  included  a  possible  site  for  the  circannual  clock 
as  the  suprachiasma t ic  muclei  and  pineal  gland. 
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The  exogenous  point  of  view,  as  proposed  by  Brown 
(1972),  states  that  there  is  no  such  entity  as  a  biological 
clock.  The  clock  is  found  in  the  environment;  therefore, 
its  substance  cannot  be  biological.  Nevertheless,  there 
are  particular  unknown,  internal  mechanisms  which  cue  to 
the  physical  rhythms,  and  these  physical  rhythms  permeate 
almost  all  experimental  conditions.  Thus,  circannual 
rhythms  are  free-running  rhythms  because  of  an  annual 
periodicity  in  sensitivity  to  the  light  or  temperature 
and  sensitivity  rhythm  (Brown  and  Park,  1975;  Pohl,  1977). 
Most  of  the  properties  of  rhythms  can  be  incorporated 
into  both  schools  of  thought.  Hopefully,  the  future  will 
see  a  synchronization  of  the  two  clock  theories. 

The  significance  of  annual  rhythms  cannot  be  under¬ 
estimated.  Many  animals  invest  a  great  deal  of  energy 
in  preparation  for  yearly  reproductive,  migratory,  moult¬ 
ing,  fat  deposition,  etc.  behaviors.  The  seasonal  clock 
enables  the  organism  to  anticipate  changes  in  the  environ¬ 
ment.  The  endogenous  clock  would  need  to  be  synchronized 
to  the  ambient  environment  cycles.  The  presence  of  a 
timing  mechanism  would  allow  an  organism  to  keep  the  proper 
time  even  though  there  may  be  a  long,  stormy,  interim 
which  would  invert  the  photoperiod  or  a  long,  warm  interval 
which  would  confuse  the  temperature  cycle.  Like  any  good 
chronometer,  "noise"  would  not  affect  its  time  keeping 
properties  (see  Klein,  1974).  In  addition,  an  accurate 
timing  mechanism  may  be  used  to  determine  the  compass  direc¬ 
tion  in  the  space-time  contimuum.  Time  has  arrived  now  to 
unwind  the  secrets  of  the  timing  mechanism.  There  are 
still  too  many  mysteries  within  this  ubiquitous  phenomenon. 
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ADDITIONS  TO  THE  DISTRIBUTION  OF  ILLINOIS  VASCULAR  PLANTS 

R.D.  Henry  &  A.R.  Scott 
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and 
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420  Kirk  Dr.,  Mt .  Zion,  Illinois  62549 


ABSTRACT  -  Two  hundred  ninety- two  additional 
county  distributional  records  for  Illinois 
vascular  plants  are  reported. 

The  recent  publication  of  Mohlenbrock  and  Ladd  (1978) 
serves  well  to  both  summarize  to  date  the  distributional 
status  on  a  county  basis  of  each  species  of  the  known 
Illinois  vascular  plants  and  to  stimulate  other  workers  to 
contribute  to  this  effort  of  keeping  the  distributional 
status  current.  With  this  latter  objective  in  mind,  we 
therefore  report  292  additional  county  distributional 
records  listed  alphabetically  so  as  to  coincide  with 
Mohlenbrock  and  Ladd’s  sequence  of  maps  and  nomenclature. 
The  additions  we  report  are  based  on  two  sources  of  data 
both  substantiated  with  voucher  herbarium  specimens:  (1) 
previously  published  verified  records  not  cited  by  Mohlen¬ 
brock  and  Ladd  (1978),  and  (2)  new  previously  unreported 
records.  The  name  of  each  addition  is  annotated  according 
to  the  following  description.  New  records  for  the  stated 
county  are  followed  by  the  habitat,  location,  and  collec¬ 
tors)  and  their  collection  number(s),  the  voucher  speci¬ 
mens  being  deposited  in  the  Western  Illinois  University 
Herbaria  of  the  A.L.  Kibbe  Life  Science  Station  at  Warsaw 
(WARK)  or  at  Macomb  (MWI)  except  those  in  Shildneck 's 
personal  herbarium  as  indicated  by  (PS):  Previously  pub¬ 
lished  records  are  followed  by  an  annotation  referring  to 
the  appropriate  publication  cited  as  follows:  K  69  would 
refer  to  Kibbe  (1952)  page  69,  J&F  69  refers  to  Jones  and 
Fuller  (1955)  page  69,  W&E  69  refers  to  Winterringer  and 
Evers  (1960)  page  69,  and  M  69  refers  to  Myers  (1972)  page 
69;  citations  of  other  previously  published  works  are 
treated  in  the  standard  manner,  i.e.  Myers  (1975);  more 
recent  substantiating  collections  are  indicated  by  the 
collector’s  name  and  collection  number,  the  voucher  speci¬ 
mens  being  deposited  in  WARK  or  MWI . 
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A  small  colony  of  Agrostis  interrupta  L.  was  found 
by  Shildneck  (Coll.  No.  C-7481)  growing  in  a  fence  row  in 
rich  black  soil  in  Mt .  Zion,  Macon  County,  Illinois  on 
June  3,  1975  representing  the  first  record  of  this  species 
growing  in  Illinois.  Although  this  alien  plant  was  found 
growing  during  only  one  season  and  perhaps  could  be  con¬ 
sidered  to  be  a  component  of  the  spontaneous  flora  of 
Illinois  in  the  broadest  sense,  it  certainly  cannot  be 
considered  to  be  a  part  of  the  contemporary  flora  in  the 
strictest  sense,  since  it  is  not  established.  However,  it 
is  important  that  the  first  appearance  of  this  plant  be 
recorded  since  its  future  status  in  the  flora  may  change 
and  have  to  be  reevaluated.  Voucher  specimens  have  been 
deposited  in  the  following  herbaria:  ILL,  ISM,  SIU,  ILLS, 
and  the  personal  herbarium  of  P.  Shildneck. 

Acalypha  gracilens :  SCOTT,  Sandy  ridge  1  mi .  w.  of  Win¬ 
chester,  Henry  &  Scott  #676. 

Agrostis  perennans :  MCDONOUGH ,  M  46 . 

Allium  mutabile:  HANCOCK,  K  141;  J&F  128. 

Allium  sativum :  HANCOCK,  Henry  (1975);  MCDONOUGH,  M  52. 
Alopecurus  aequalis :  HANCOCK,  K  101. 

Amaranthus  graecizans :  ADAMS,  Edge  of  cornfield,  Moor- 
Man's  Research  Farm,  Mendon.  Henry  #2675. 

Amaranthus  spinosus :  HANCOCK,  K  184;  Henry  #3074. 

Amorpha  f rut icosa :  WOODFORD,  Wet  ground  near  Woodford 
Conservation  Area.  Henry  #2650. 

Andropogon  virginicus :  LOGAN,  Sandy  clay  soil,  roadside 
|  mi.  e  of  Narita.  Shildneck  #C-8567. 

Anemone  canadensis :  WOODFORD,  Wet  ground  near  Woodford 
Conservation  Area.  Henry  #2651. 

Antennaria  neglect a :  SHELBY,  Sandy  clay  soil  on  stream 
bank  se  of  Findlay.  Shildneck  #C-199  (PS). 

Antennaria  plantaginifolia  ambigens :  HANCOCK,  K  380  as  A. 
f al lax  Greene . 

Antennaria  plantaginifolia  arnoglossa :  ADAMS,  Henry  #3165 
as  A.  parlinii  Fern. 

Arabis  drummondii :  HANCOCK,  K  212. 

Arabis  glabra:  HANCOCK,  K  212;  Henry  #2016. 

Arctium  minus :  SCOTT,  Edge  of  woods,  nw  of  Glascow.  Henry 
&  Scott  # 593. 

Arenaria  lateriflora :  ADAMS,  Rich  woods,  several  mi .  n  of 
Columbus.  Henry  #2621. 

Arenaria  serpy llifolia :  MASON,  Sandy  soil  of  road  shoulder 
se  of  Bath.  Shildneck  #C-8150.  SCOTT,  Roadside, 
sandy  soil  w  of  Bluffs.  Henry  &  Scott  #650. 

Arist ida  purpurascens :  MCDONOUGH,  M  47. 

Asparagus  officinalis :  LOGAN,  Roadside  loess  soil  near  Mt . 
Pulaski.  Shildneck  #C-8568.  SCOTT,  Roadside,  sandy 
soil  w  of  Bluffs.  Henry  &  Scott  #651. 

Aster  anomalus :  BOND,  Thin  soil  in  woods  by  cemetery  n  of 
Pocahontus.  Shildneck  #C-8079  (PS). 
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Aster  dumosus :  HANCOCK,  K  374. 

Aster  ericoides :  HANCOCK,  K  373. 

Aster  oblongifolius :  CALHOUN,  Waste  ground  about  5  mi .  w 
of  Brussels.  Henry  #970. 

Aster  short ii :  CLARK,  Woods,  bank  of  Big  Creek,  n  of 
Marshall.  Shildneck  #C-8401. 

Aster  vimineus :  HANCOCK,  K  375. 

Avena  sat iva :  MCDONOUGH,  M  47. 

Bapt isia  leucophaea :  CHRISTIAN,  Prairie  over  loess  soil  on 
both  sides  of  PCRR  w  of  Pana  by  Rte.  16.  Shildneck 
#C-3962  (PS). 

Bidens  bipinnata :  SCOTT,  Sandy  ridge  1  mi .  w  of  Winchester 
Henry  &  Scott  #706. 

Bidens  connata :  CLARK,  West  bank  of  Big  Creek  in  ne  corner 
S12 ,  R12W ,  TUN.  Shildneck  #C-8405. 

Bidens  discoidea :  MCDONOUGH,  Myers  (1975). 

Bothriochloa  saccharoides :  CLARK,  Thin  soil,  roadside 
about  2  mi .  n  of  Marshall.  Shildneck  #C-8397. 

Bromus  ,j aponicus :  ADAMS,  Waste  ground  by  railroad,  Golden. 
Henry  #2877.  SHELBY,  Rich  leaf  mold  in  woods  of  Hid¬ 
den  Spring  State  Park  s  of  Shelbyville.  Shildneck 
#C-7507  (PS). 

Bromus  purgans :  HANCOCK,  K  86;  J&F  49;  Henry  &  Wunderlin 
#363. 

Buchloe  dactyloides :  LAWRENCE,  Price  Cemetery,  w  side  of 
Russellville.  Shildneck  #C-8466. 

Bulbostylis  capillaris :  HANCOCK,  J&F  85;  Henry  #3907. 
MCDONOUGH,  M  43.  SCOTT,  Sandy  ridge  1  mi .  w  of 
Winchester.  Henry  &  Scott  #607. 

Camelina  microcarpa :  HANCOCK,  Henry  (1975). 

Cardamine  bulbosa :  MARSHALL,  Wet  grounds  s  of  Lacon . 

Henry  #2711.  SHELBY,  Wet  ground,  roadside  ditch,  ne 
of  Cowden .  Shildneck  #C-1325  (PS). 

Carex  aggregata :  HANCOCK,  Damp  ground  by  railroad  between 
Pontoosuc  and  Niota.  Henry  #3582. 

Carex  albursina :  SHELBY,  Rich  black  soil  on  wooded  steep 
e  bank  of  Kaskaskia  River  se  of  Cowden.  Shildneck 
#C-7478  (PS). 

Carex  artitect a :  ADAMS,  Wooded  hillside,  Burton  Cave. 

Henry  #2812.  HANCOCK,  K  124. 

Carex  bicknel lii :  MARSHALL,  Wet  ditch  s  of  Lacon.  Henry 
#2802 . 

Carex  bushii :  ADAMS,  Woods,  Burton  Cave.  Henry  #2814. 

Carex  convoluta :  HANCOCK,  K  120. 

Carex  crus-corvi :  SCOTT,  Edge  of  pond n  of  Naples.  Henry 
&  Scott  #606. 

Carex  emory i :  MCDONOUGH,  M  44. 

Carex  frankii :  HANCOCK,  K  131. 

Carex  granularis :  SHELBY,  Thin  soil,  railroad  right-of- 
way,  i  mi.  nw  of  Holiday.  Shildneck  #C-8187. 

Carex  gravida:  HANCOCK,  K  120;  Henry  #2820,  2821. 

Carex  grisea :  DEWITT,  Rich  black  soil  on  wooded  w  bank 
of  North  Fork  Creek  e  of  Wapella.  Shildneck  #C- 
7847  (PS). 
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Carex  hirsutella :  HANCOCK,  K  128. 

Carex  intumescens :  HANCOCK,  K  133. 

Carex  ,j  amesii :  DEWITT,  Rich  soil,  wooded  creek  bank  ne  of 
Clinton.  Shildneck  #C-7842. 

Carex  lurida :  ALEXANDER,  Marsh,  shoulder  of  Rte.  127,  1  mi. 
n  of  Unity.  Shildneck  #C-8506. 

Carex  normalis :  MASON,  Wet  ground  by  Quiver  Creek,  ne  of 
Havana.  Henry  #2209. 

Carex  rostrat a  ut riculat a :  HANCOCK,  K  134. 

Carya  laciniosa :  HANCOCK,  K  160. 

Carya  tomentosa :  MCDONOUGH,  M  29. 

Cassia  marilandica :  HANCOCK,  K  229  as  C.  medegeri  Shafer.  ; 
Henry  #4037,  4038. 

Castille.ja  coccinea :  SHELBY,  Grassy  s  shoulder  of  county 
road  se  of  Findlay:  sandy  clay  soil.  Shildneck 
#C-270  (PS). 

Cat alpa  speciosa :  HANCOCK,  K  342;  Henry  #3286. 

Centaurea  cyanus :  HANCOCK,  K  407;  Henry  #3501.  KNOX,  By 
railroad,  Abingdon.  Henry  #3944,  3945. 

Centaurea  maculosa :  KNOX,  Railroad  ballast  w  of  Hermon. 

Henry  #3959.  WARREN,  Railroad  ballast  nw  of  Monmouth. 
Henry  #3957. 

Ceratophy Hum  demersum:  SCOTT,  Submerged  in  ditch  se  of 
Naples.  Henry  &  Scott  #601. 

Chelone  glabra :  KNOX,  Hillside  marsh,  BSA  Camp  Wilderness, 

3  mi .  s  of  Hermon.  Henry  #3776. 

Chenopodium  bot rys :  HANCOCK,  K  180. 

Cicuta  maculata :  SCOTT,  Edge  of  ditch  w  of  Bluffs.  Henry 
&  Scott  #641 . 

Circaea  quadrisulcata  canadensis :  BROWN,  Moist  woods, 

Siloam  Springs  State  Park.  Henry  #1559  as  C.  latifolia 
Hill . 

Cirsium  arvense :  MCDONOUGH,  M  21. 

Cirsium  mut icum :  HANCOCK,  K  406. 

Cirsium  vulgare :  HANCOCK,  K  405. 

Calystegia  sepium  americana :  SCOTT,  Roadside  nw  of  Bluffs. 
Henry  &  Scott  #564  as  Convolvulus  amer icanus  (Sims) 
Greene . 

Coral lorhiza  odontorhiza:  MCDONOUGH,  M  53. 

Crataegus  calopodendron:  HANCOCK,  K  219. 

Crataegus  cuneif ormis :  MCDONOUGH,  M  37. 

Crataegus  viridis :  HANCOCK,  K  217. 

Croton  capitatus :  HANCOCK,  K  247. 

Cuscuta  campestris :  ADAMS,  Floodplain,  Burton  cave.  Henry 
#2731. 


Cycloloma  atriplicifolium:  HANCOCK,  K  179; 
Cyperus  aristatus :  HANCOCK,  K  114;  J&F  108 
Muhl  . 

Cyperus  densicaespitosus :  JACKSON,  Seepage 
e  side  of  Harrison,  n  of  Murphysboro . 
#C-8418 . 

Cyperus  diandrus :  HANCOCK,  J&F  106. 

Cyperus  erythrorhizos :  HANCOCK,  K  114;  J&F 
Wunderlin  #565.  MCDONOUGH,  M  45. 


Henry  #1336. 
as  C .  inf lexus 

spring  marsh  at 
Shildneck 


106;  Henry  & 
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Cyperus  f erruginescens :  HANCOCK,  K  114  as  C.  odoratus  L. ; 

W&E  22  as  C.  odoratus  L. ;  Henry  #3882. 

Cyperus  f lavescens :  MCDONOUGH,  M  45. 

Cyperus  pseudovegetus :  ALEXANDER,  Marsh,  e  shoulder  of 
Rte.  127,  1  mi .  n  of  Unity.  Shildneck  #C-8507. 

Cyperus  rivularis :  HANCOCK,  K  114;  J&F  108. 

Danthonia  spicata :  HANCOCK,  K  98;  J&F  52;  Henry  #2228. 
MCDONOUGH,  M  47. 

Delphinium  Carolinian urn :  HANCOCK,  K  199;  Henry  &  Wunderlin 
#314. 

Desmodium  canescens :  HANCOCK,  K  237. 

Desmodium  marilandicum :  MACON,  Rear  of  lot,  420  Kirk  Dr., 

Mt .  Zion.  Shildneck  #C-8465. 

Desmodium  nuttallii :  HANCOCK,  K  239  as  D.  viridif lorum  (L. ) 
DC. 

Dicentra  canadensis :  HANCOCK,  K  203;  Henry  #1415. 

Digitaria  ischaemum :  SCOTT,  Sandy  ridge  1  mi .  w  of  Win¬ 
chester.  Henry  &  Scott  #630. 

Dipsacus  sylvest ris :  MORGAN,  Waste  ground.  Rexroat  #16571. 
Dulichium  arundinaceum :  HANCOCK,  J&F  109. 

Echinochloa  crus-galli :  SCOTT,  Sandy  ridge  1  mi .  w  of 
Winchester.  Henry  &  Scott  #637. 

Echinocyst is  lobat a :  ADAMS,  Floodplain,  Burton  Cave. 

Henry  #2691. 

Echinodorus  berteroi  lanceolatus :  MERCER,  Swamp  several  mi. 
n  of  New  Boston.  Henry  #1290  as  E.  rost ratus  (Nutt.) 
Engelm . 

Eleocharis  acicularis :  HANCOCK,  K  116;  J&F  109;  Henry  #574. 
Eleocharis  elliptica  compressa :  HANCOCK,  K  117  as  E.  com- 
pressa  Sulliv. ;  J&F  109  as  E.  compressa  Sulliv. 
MCDONOUGH,  M  45  as  E.  compressa  Sulliv. 

Eleocharis  intermedia :  HANCOCK,  Cedar  Glen,  Kibbe  Station. 
Henry  &  Wunderlin  #584. 

Eleocharis  obtusa :  SCOTT,  Edge  of  ditch  w  of  Bluffs. 

Henry  &  Scott  #620. 

Eleocharis  obtusa  detonsa :  MCDONOUGH,  M  45  as  E.  engel- 
manni  Steud. 

Eleocharis  palustris :  HANCOCK,  K  116;  J&F  110.  MCDONOUGH, 

M  45. 

Epif agus  virginiana :  VERMILION,  Base  of  beech  tree  in 
woods  nw  of  Danville;  rich  soil.  Shildneck  #C-8089 
(PS). 

Eragrost is  hypnoides :  MCDONOUGH,  M  48. 

Erianthus  ravennae :  MCDONOUGH,  M  48. 

Erythronium  americanum :  LOGAN,  Rich  humus  in  woods  by  sw 
corner  of  cemetery  on  Gillette  Hill  at  Elkhart. 
Shildneck  #C-7343  (PS). 

Festuca  ovina  duriuscula :  SANGAMON,  Thin  soil,  Lincoln 
Gardens,  Springfield.  Shildneck  #C-7528  (PS). 
Fimbristylis  autumnalis :  HANCOCK,  J&F  112. 

Fimbristylis  puberula  drummondi i :  HANCOCK,  J&F  112  as  E. 

drummondii  Boeckl . 

Galium  asprellum :  HANCOCK,  K  348. 
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Galium  tinctorium :  HANCOCK,  K  348. 

Gent iana  puberulenta :  BOND,  Prairie  on  s  side  of  Penn.  RR 
by  Smithboro.  Shildneck  #C-2388  (PS).  CARROLL,  Dry 
roadbed,  nw  edge  of  Mt .  Carroll.  Henry  #1673. 

Geum  laciniatum :  PIKE,  Wet  ground  by  pond,  s  of  Hull. 

Henry  #3874. 

Gilia  rubra :  HANCOCK,  Sandy  soil,  top  of  bluff,  waste 

ground  by  cemetery,  Dallas  City.  Henry  #4046,  4047. 

Gillenia  st ipulat a :  HANCOCK,  K  216. 

Gratiola  neglecta :  SCOTT,  Marsh  w  of  Bluffs.  Henry  & 

Scott  #533. 

Habenaria  orbiculata :  HANCOCK,  K  151. 

Hackelia  virginiana :  SHELBY,  Rich  damp  soil  on  wooded 
stream  bank  se  of  Findlay.  Shildneck  #C-257  (PS). 

Helenium  f lexuosum :  SHELBY,  Sandy  clay  soil  in  shrubby 
pasture  se  of  Findlay.  Shildneck  #C-3266  (PS). 

Helianthus  maximilianii :  VERMILION,  Prairie  field  over 

sandy  clay  soil  nw  of  Danville.  Shildneck  #C-8080  (PS) 

Hemerocallis  f ulva :  HANCOCK,  K  141;  Henry  &  Wunderlin  #475 

Heracleum  maximum :  ADAMS,  Floodplain  ne  of  Lima.  Henry 
#4014,  4015,  4016  as  H.  lanatum  Michx. 

Hesperis  matronalis :  HANCOCK,  K  108;  J&F  234;  Henry  #3377; 
3378.  MCDONOUGH,  Wet  ground,  swamp  about  3  mi .  ne  of 
Bushnell.  Henry  #4065.  SCOTT,  Edge  of  ditch  w  of 
Bluffs.  Henry  &  Scott  #640. 

Heteranthera  limosa :  MORGAN,  Rooted  in  mud,  shallow  pond  n 
of  Bluffs.  Henry  &  Scott  #738. 

Hibiscus  palustris :  HANCOCK,  Wet  ground  by  pond,  Carthage 
City  Park.  Henry  #2519  as  H.  moscheutos  L.  Kibbe  p. 
263  states  that  H.  moscheutos  L.  was  introduced  and 
when  collected  by  Henry  in  1968  was  apparently  natu¬ 
ralized  . 

Houstonia  minima :  BOND,  Low  grassy  mowed  strip  between  Rte 
40  and  Penn.  RR  w  of  Smithboro.  Shildneck  #C-2438  (PS) 

Ilvdrophvllum  canadense :  DEWITT,  Rich  black  soil  on  wooded 
steep  w  bank  of  North  Fork  Creek  e  of  Wapella.  Shild¬ 
neck  #C-7849  (PS).  LOGAN,  Rich  black  soil  in  woods  by 
sw  corner  of  cemetery  on  Gillette  Hill  at  Elkhart. 
Shildneck  #C-7914  (PS). 

Hypericum  mai us :  HANCOCK,  By  railroad  ne  of  Elvaston. 

Henry  #1656. 

Iodanthus  pinnat if idus :  HANCOCK,  K  210;  Henry  #3619. 

Iris  pseudacorus :  MCDONOUGH,  M  51. 

Juncus  dudlevi :  HANCOCK,  K  139;  J&F  125;  Henry  #242. 

Juncus  ef f usus  solut us :  PIKE,  Wet  ground  by  pond,  s  of 
Hull.  Henry  #3889  as  J.  ef f usus  L. 

Just ica  americana :  MCDONOUGH,  Creek  bottom,  3  mi .  s  of 
Fandon.  Y.S.  Sedman  unnumbered. 

Lathvrus  lat if olius :  MACON,  In  ditch  between  Rte.  121  and 
IC  railroad  about  |  mi.  nw  of  Warrensburg.  Shildneck 
#C-8199 . 

Lathyrus  myrt ifolius :  MASON,  Lowland  by  White  Oak  Creek  s 
of  Havana.  Henry  #1750. 
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Lathyrus  venosus  intonsus :  HANCOCK,  K  241  as  L.  venosus 
Muhl . 

Lechea  mucronata :  HANCOCK,  K  266  as  L.  villosa  Ell. 

Lemna  obscura :  FULTON,  Floating,  ditch  w  of  Havana.  Henry 
&  Scott  #712. 

Leonurus  marrubiastrum :  SCOTT,  Moist  soil  under  Rte.  36 
bridge  over  the  Illinois  River.  Shildneck  #C-8298. 

Lepidium  perf oliatum :  MACON,  Open  areas  around  buildings, 
Big  Creek  Park  near  Mt .  Zion.  Shildneck  #C-7851  (PS). 

Leptochloa  f ascicularis :  MCDONOUGH,  M  49.  SANGAMON,  Thin 
soil,  s  shoulder  of  country  road  s  of  Buckhart . 
Shildneck  #C-8047  (PS). 

Leptoloma  cognatum :  MACON,  Sandy  clay  soil  by  N&W  RR  tracks 
s  of  Decatur.  Shildneck  #C-4471  (PS). 

Lespedeza  intermedia :  EFFINGHAM,  Pasture  by  bank  of  Shoal 
Creek,  near  center  of  Effingham  Quadrangle.  Shildneck 
#C-8379 . 

Ligustrum  vulgare :  MACON,  Wooded  floodplain  of  Sangamon 
River  sw  of  Decatur.  Shildneck  #C-8162. 

Lilium  michiganense :  HANCOCK,  K  142  as  L.  canadense  L. ; 

Henry  #1465.  MACON,  Rich  alluvial  soil  on  wooded 
floodplain  of  Sangamon  River  s  of  Niantic.  Shildneck 
#C-6670  (PS). 

Lilium  philadelphicum  andinum :  HANCOCK,  K  141;  Henry  #2481 
as  L.  umbel latum  Pursh . 

Linum  sulcatum :  HANCOCK,  Open  ground,  Spring  Glen,  Kibbe 
Station.  Henry  &  Wunderlin  #526. 

Lychnis  alba:  HANCOCK,  K  189;  Henry  #2263,  2264. 

Lonicera  maackii :  MACON,  Loess  soil,  n  right-of-way  of  ICRR 
at  ne  corner  Argenta.  Shildneck  #C-9156. 

Lotus  corniculatus :  ADAMS,  Roadside  s  of  Big  Neck.  Henry 
#2993.  SHELBY,  Sandy  clay  soil,  shoulder  of  blacktop 
n  of  Herrick.  Shildneck  #C-7929  (PS). 

Ludwigia  alternifolia :  SCOTT,  Swamp  n  of  Bluffs.  Henry  & 
Scott  #589. 

Malva  sylvestris :  HANCOCK,  K  261. 

Medeola  virginiana :  HANCOCK,  K  144. 

Mertensia  virginica :  SHELBY,  Sandy  silt  on  bank  of  Kaskas- 
kia  River  se  of  Findlay.  Shildneck  #C-203  (PS). 

Monotropa  hypopithys :  BROWN,  Moist  woods,  Siloam  Springs 
State  Park.  Henry  #1563  as  M.  lanuginosa  Michx. 

Muhlenbergia  cuspidata :  UNION,  Rocky  hill  prairie,  Pine 
Hills,  Alto  Pass  Quadrangle.  Shildneck  #C-8474. 

Muhlenbergia  f rondosa :  MACON,  Sandy  clay  soil,  ICRR  about 
1  mi .  se  of  Hervey  City.  Shildneck  #C-4532  (PS). 

Muhlenbergia  racemosa :  MCDONOUGH  M  49.  MONROE,  Thin  soil, 
shallow  ditch  s  of  Renault.  Shildneck  #C-8343. 

Muhlenbergia  sobolif era :  MCDONOUGH,  M  49. 

Muhlenbergia  sylvat ica :  EFFINGHAM,  Thin  rocky  soil  on 
wooded  w  bank  of  Shoal  Creek.  Shildneck  #C-8367. 

Muhlenbergia  tenuif lora :  EFFINGHAM,  Shady  rocky  stream 
bank,  center  of  Effingham  Quadrangle.  Shildneck 
#C-8364 . 
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Nymphoides  peltata:  MACON,  Mud  at  end  of  pond  in  Fairlawn 
Cemetery  at  Decatur.  Shildneck  #C-2242  (PS). 

Oxalis  corniculata :  MCDONOUGH,  M  34. 

Panicum  clandestinum :  ADAMS,  Roadside,  Burton  Cave.  Henry 
#2901. 

Panicum  flexile :  MCDONOUGH,  M  49. 

Panicum  lanuginosum  implicatum :  MCDONOUGH,  M  49  as  P . 
implicatum  Ell . 

Panicum  lanuginosum  lindheimeri :  HANCOCK,  K  108. 

Panicum  rigidulum:  MACON,  Floodplain,  Sangamon  River, 
Niantic  Quadrangle.  Shildneck  #C-8357. 

Papaver  somniferum:  KNOX,  By  railroad,  Abingdon.  Henry 
#3946,  3947. 

Parthenocissus  vitacea :  MACON,  Cindery  abandoned  railroad 
bed,  I  mi.  w  of  Sunnyside  Road,  w  of  Decatur. 

Shildneck  #C-6672. 

Pellaea  glabella :  HANCOCK,  J&F  23  cities  K  80  P.  atropur- 
purea  as  P.  glabella ;  Henry  #3634. 

Penthorum  sedoides :  SHELBY,  Moist  soil  in  ditch  on  s  shoul 
der  of  county  road  n  of  Moweaqua.  Shildneck  #C-2816 
(PS). 

Perilla  f rutescens :  SCOTT,  Roadside  1  mi .  w  of  Winchester 
Henry  &  Scott  #695. 

Phragmites  australis :  HANCOCK,  K  93  as  P.  communis  Trin. ; 
Henry  #3564  as  P.  communis  Trin. 

Phryma  leptostachya :  SHELBY,  Rich  black  soil  on  wooded 

bank  of  stream  se  of  Findlay.  Shildneck  #C-403  (PS). 

Polygala  polygama  obtusat a :  EFFINGHAM,  Alluvial  soil, 

bank  of  Big  Creek,  se  of  Altamont.  Shildneck  #C-8368. 
MCDONOUGH,  M  35  as  P.  polygama  Walt. 

Polygala  sanguinea :  BROWN,  Woods,  Siloam  Springs  State 
Park,  Henry  #1739. 

Polygala  senega :  HANCOCK,  K  246;  Henry  #189. 

Polygonum  aviculare :  SCOTT,  Roadside  w  of  Bluffs.  Henry 
&  Scott  #599,  666. 

Polygonum  erectum :  MACON,  South  bank  floodplain,  about  i 
mi.  w  of  Lincoln  Homestead  State  Park.  Shildneck 
#C-8566.  SCOTT,  Roadside  w  of  Bluffs.  Henry  &  Scott 
#598. 

Polygonum  persicar ia :  SCOTT,  Roadside  1  mi .  w  of  Winches¬ 
ter.  Henry  &  Scott  #681. 

Polynmia  uvedalia :  RANDOLPH,  Thin  soil  in  ditch,  "bluff 

road"  by  Prairie  du  Rocher  Quarry.  Shildneck  #C-8344. 

Potamogeton  foliosus :  SCOTT,  Submerged  in  ditch  se  of 
Naples.  Henry  &  Scort  #600. 

Potamogeton  pect inatus :  HANCOCK,  K  83;  Dolbeare  and 
Ebinger  (1974);  Henry  &  Wunderlin  #491. 

Proboscidea  louisianica :  HANCOCK,  K  342. 

Prunus  rnahaleb :  MCDONOUGH,  M  38. 

Prunus  mexicana :  MACON,  Disturbed  soil  near  railroad  |  mi. 
s  of  Macon.  Shildneck  #C-8235. 

Psoralea  onobrychis :  HANCOCK,  K  233;  Henry  &  Wunderlin 
#367. 
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Pyrrhopappus  carolinianus :  ADAMS,  Dry  open  waste  ground  of 
old  field,  Burton  Cave.  Henry  #3021. 

Quercus  rubra:  ADAMS,  Floodplain,  Burton  Cave.  Henry 
#2759.  HANCOCK,  K  164;  Henry  #3704. 

Ranunculus  acris:  ADAMS,  Ditch  by  railroad,  Chatton. 

Henry  #3338. 

Ranunculus  micranthus :  LOGAN,  Alluvial  soil  in  pasture  at 
s  end  of  Gillette  Hill  at  Elkhart.  Shildneck  #C-7350 
(PS). 

Ranunculus  sceleratus :  HANCOCK,  K  193;  Henry  #1786. 

Raphanus  raphanistrum :  MCDONOUGH,  M  26. 

Rat ibida  columnif era :  MCDONOUGH,  Roadside,  W.  Adams  Road, 

3  mi .  w  of  Macomb.  Henry  &  Scott  #730,  731,  732. 

Rhus  aromat ica :  MACON,  Thin  fill  soil,  B&O  RR  paralleling 
Rte.  36  about  1  mi .  e  of  Long  Creek  Village.  Shild¬ 
neck  #C-8153. 

Rosa  setigera:  HANCOCK,  K  225. 

Rumex  crispus :  SCOTT,  Roadside  ditch  nw  of  Glasgow.  Henry 
&  Scott  #570. 

Rumex  mexicanus :  PIKE,  Wet  ground  by  pond  s  of  Hull.  Henry 
#3857  as  R.  triangulivalvis  (Danser.)  Rech.  f.  SCOTT, 
Edge  of  ditch  w  of  Bluffs.  Henry  &  Scott  #571  as  R.  tri¬ 
angulivalvis  (Danser.)  Rech.  f. 

Sagitt aria  calycina :  ADAMS,  Emergent,  fairground  pond, 
Mendon.  Henry  #1911. 

Salix  discolor:  HANCOCK,  K  156. 

Salix  interior :  SHELBY,  Sandy  clay  soil,  prairie  w  shoul¬ 
der  county  road  |  mi.  n  of  Tower  Hill.  Shildneck 
#C-8145 . 

Salix  r igida :  HANCOCK,  K  156  as  S.  cordata.  Michx. 

Samolus  parvif lorus :  SCOTT,  Swamp,  n  of  Bluffs.  Henry  & 
Scott  #660. 

Scirpus  americanus :  HANCOCK,  K  118;  Henry  #3589. 

Scirpus  fluviatilis:  ADAMS,  Wet  ditch  e  of  Meyer.  Henry 
#2773.  HANCOCK,  K  118;  J&F  116;  Henry  #2129,  2130. 
MCDONOUGH,  M  46 . 

Scirpus  polyphyllus :  HANCOCK,  K  119. 

Scirpus  validus :  HANCOCK,  K  118,  J&F  116;  Henry  #3082. 

Scleria  triglomerat a :  HANCOCK,  J&F  118. 

Sedum  pulchellum :  WILLIAMSON,  Rocky  bluff,  Devil's 
Kitchen  Lake.  Henry  #3951. 

Sedum  purpureum :  HANCOCK,  K  213;  J&F  241  cites  Kibbe  as 
S.  triphy Hum  (Haw.)  S.F.  Gray;  Henry  #2030,  3939  as 
S.  tr iphyllum  (Haw.)  S.F.  Gray. 

Sedum  ternatum :  HANCOCK,  K  213. 

Selaginel la  apoda :  MASON,  Damp  soil  by  White  Oak  Creek  s 
of  Havana.  Henry  #2056. 

Senecio  plattensis :  DEWITT,  Thin  soil  on  high  w  bank  of 

North  Fork  Creek  e  of  Wapella.  Shildneck  #C-7844 
(PS) .  HANCOCK,  K  403. 

Seymeria  macrophylla :  SHELBY,  Sandy  clay  soil  on  wooded  s 
shoulder  of  county  road  se  of  Findlay.  Shildneck 
#C-452  (PS). 


59 


Sicyos  angulatus :  SCOTT,  Roadside  ditch,  nw  of  Glascow. 

Henry  &  Scott  #579. 

Silene  cserei:  KNOX,  Railroad  ballast  w  of  Abingdon. 

Henry  #3958.  SANGAMON,  Ballast  of  N&W  RR  w  of  Lanes- 
ville .  Shildneck  #C-2481  (PS). 

Sisymbrium  alt issimum :  HANCOCK,  K  107;  Henry  #1325. 

Sium  suave :  HANCOCK,  K  282. 

Smilax  ecirrat a :  HANCOCK,  K  146;  Henry  #1409. 

Smilax  glauca:  HANCOCK,  K  147. 

Smilax  pulverulent a :  HANCOCK,  K  146.  MCDONOUGH,  M  52. 

Solanum  dulcamara :  HANCOCK,  K  325. 

Solidago  f lexicaulis :  EFFINGHAM,  Thin  rocky  soil  on  wooded 
w  bank  of  Shoal  Creek.  Shildneck  #C-8373  (PS).  MACON, 
Rich  black  soil  at  base  of  steep  wooded  s  bank  of 
Sangamon  River  sw  of  Decatur.  Shildneck  #C-8514. 

Solidago  rugosa :  HANCOCK,  K  366. 

Solidago  speciosa :  SHELBY,  Sandy  clay  soil  on  shoulder  of 
gravel  road  about  5  mi .  se  of  Findlay.  Shildneck 
#C-598  (PS). 

Sorghum  bicolor :  MCDONOUGH,  M  50  as  S.  vulgare  Pers. 

Sorghum  halepense :  MCDONOUGH,  Fence  outside  Bardolph 
Cemetery.  Myers  #5112. 

Sphenopholis  obtusata :  PIKE,  Wet  ground  by  pond  s  of  Hull. 
Henry  #3879. 

Spiranthes  gracilis:  GREENE,  Rich  woods  2  mi .  n  of  White 
Hall.  Scott  #117. 

Spiranthes  ovalis :  HANCOCK,  Edge  of  woods,  Kibbe  Station. 

E.  Carson  &  D.  White  unnumbered. 

Sporobolus  asper :  MASON,  Prairie  strip  by  railroad,  3  mi. 
n  of  Kilbourne.  Shildneck  #C-8512.  MCDONOUGH,  M  51. 

Sporobolus  heterolepis :  MACON,  Prairie  strip  over  loess 

soil  by  N&W  RR  w  of  Niantic.  Shildneck  #C-8395  (PS). 

St ipa  spartea :  HANCOCK,  K  103. 

Strophosty les  leiosperma :  HENDERSON,  Dry  sandy  soil,  waste 
ground  ne  of  Carman.  Henry  #1758. 

Symplocarpus  foet idus :  KNOX,  Hillside  marsh  near  Cedar 

Creek,  BSA  Camp  Wilderness,  3  mi .  s  of  Hermon .  Henry 
#3609. 

Tanacetum  vulgare :  MCDONOUGH,  Waste  area,  Good  Hope  ceme¬ 
tery.  Myers  #5111. 

Teucrium  canadense  occidentale :  SCOTT,  Roadside,  sandy  soil, 
w  of  Bluffs.  Henry  &  Scott  #647. 

Thalictrum  dasycarpum  hypoglaucum :  ADAMS,  Waste  ground  by 

railroad,  Chatton.  Henry  #3339  as  T.  hypoglaucum  Rydb . 

Thlaspi  arvense :  HANCOCK,  K  205;  Henry  #3249, 

Tilia  americana :  MCDONOUGH,  M  41. 

Tradescant ia  subaspera:  SHELBY,  Rich  black  soil  on  wooded 
stream  bank  se  of  Findlay.  Shildneck  #C-393  (PS). 

Tradescant ia  virginiana :  HANCOCK,  K  137. 

Tragopogon  dubius :  HANCOCK,  Henry  (1975). 

Trillium  f lexipes :  HANCOCK,  K  145. 

Trillium  sessile :  HANCOCK,  K  144. 

Tripsacum  dacty loides :  MCDONOUGH,  M  51. 
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Typha  angustifolia :  ADAMS,  Shallow  water,  Camp  Saukenauk 
n  of  Lima.  Henry  #2661.  MCDONOUGH,  M  54. 

Verbena  canadensis :  HANCOCK,  K  312. 

Viburnum  acer if olium :  MASON,  Marshy  bank  of  Quiver  Creek, 
on  east-west  road  from  n  side  of  Topeka.  Shildneck 
#C-8202 . 

Viburnum  opulus :  MACON,  Cindery  soil  on  B&O  RR  fill  e  of 
Long  Creek  village.  Shildneck  #C-8154. 

Vicia  sativa:  MCDONOUGH,  M  32. 

Viola  af finis :  DEWITT,  Rich  moist  soil,  marshy  area  sw  of 
Burton  residence,  7  mi.  e  of  Wapella.  Shildneck 
#C-8128 . 

Viola  f imbriatula :  HANCOCK,  K  269. 

Viola  pubescens  eriocarpa :  SHELBY,  Rich  moist  soil,  wooded 
bank  of  Kaskaskia  River  tributary,  se  of  Findlay. 
Shildneck  #C-198  (PS). 

Viola  sagittata :  SHELBY,  In  lawn  of  Neal  Cemetery  ne  of 
Cowden.  Shildneck  #C-1317  (PS). 

Viola  viarum :  ADAMS,  Waste  ground  by  barn,  Meyer.  Henry 
#3638. 

Vitis  aestivalis:  HANCOCK,  K  260. 

Wolffia  punctata:  HANCOCK,  K  137;  J&F  120;  Henry  #471. 
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ABSTRACT 


This  study  examines  feeding  behavior  and  milk  pro¬ 
duction  responses  of  dairy  cows  with  and  without  guard¬ 
rails  at  a  magnetic  feeder.  Ten  24  h  observation  periods 
were  made  on  26  dairy  cows  using  a  magnetic  feeder 
(Northco  Serv-O-Matic) .  Guardrails  protecting  the  cows 
at  the  feeder  were  installed  for  the  last  five  observa¬ 
tion  periods.  Guardrails  for  the  magnet  group  (eleven 
cows)  reduced  cow  visits  to  feeder  by  65.8%  and  inter¬ 
ferences  by  other  cows  by  73.0%.  87.6%  of  the  inter¬ 

ferences  were  caused  by  non-magnet  cows.  Average  time 
per  visit  increased  from  1.6  to  6.0  min  with  guardrails. 
Total  time  at  feeder  and  total  grain  consumption  in  a 
24  h  period  increased  from  33.6  to  39.8  min/cow  and  from 
12.0  to  15.4  kg/cow.  Milk  production  increased  from  25.5 
to  25.9  kg/cow  on  magnetic  cows  while  controls  dropped 
.8  kg/cow/day.  Guardrails  for  non-magnet  group  (15  cows) 
reduced  cow  visits  to  feeder  by  65.5%  and  time  spent  at 
feeder  by  24.6%.  Production  dropped  11.6%  when  magnets 
were  removed  from  cows  averaging  20.6  kg  milk/day.  The 
most  activity  at  the  feeder  occurred  approximately  1  h 
after  milking  (cows  eat  forage  first)  and  the  least 
activity  was  1  h  before  milking.  Milking  began  at  5  am 
and  4  pm. 


INTRODUCTION 


Getting  enough  grain  into  high  producing  dairy  cows  which  are  kept  in  a 
loose-housing  or  free  stall  facility  and  milked  in  a  milking  parlor  has  been 
a  problem  for  dairymen.  The  magnetic  grain  feeder  (Serv-O-Matic,  Northco 
Co.,  La  Verne,  MN)  is  one  system  which  will  allow  selected  cows  to  receive 
extra  grain.  By  hanging  a  special  magnet  on  a  cow’s  neck,  the  magnet  hits  a 
switch  which  activates  the  feed  auger  when  the  cow  sticks  her  head  in  the 
feeder.  One  of  the  apparent  problems  with  this  type  of  feeder  is  the  inter¬ 
ference  from  other  cows  which  could  be  reduced  by  the  installation  of  guard¬ 
rails  (Hutjens  1976;  Kubik  1976).  In  a  Minnesota  survey  of  20  dairy  farms 
using  the  magnetic  feeder  only  4  were  using  guardrails  (Hutjens  1976).  This 
study  examines  feeding  behavior  during  a  24  h  period  and  milk  production 
responses  of  dairy  cows  with  and  without  guardrails  at  a  magnetic  feeder. 
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METHODS 


Twenty-six  lactating  Holstein  cows  from  the  Illinois  State  University 
dairy  herd  were  used  in  this  experiment.  Eleven  cows  which  ranged  from  67 
to  201  days  in  lactation  when  the  experiment  commenced  had  magnets.  Fifteen 
cows  which  ranged  from  90  to  539  days  in  lactation  had  no  magnets.  Ages  of 
all  cows  ranged  from  two  to  nine  years.  Cows  with  magnets  averaged  25.6  kg 
milk  daily,  and  cows  without  magnets  averaged  16.0  kg  milk  daily  prior  to 
the  start  of  the  experiment. 

The  experiment  consisted  of  10  trials.  During  the  first  five  trials,  no 
guardrails  were  provided  to  protect  the  cow  from  other  cows  while  she  was 
eating.  Guardrails  were  installed  for  the  remaining  five  trials.  Each  trial 
consisted  of  a  24  h  observation  with  the  following  information  recorded  on 
each  cow:  1)  number  of  visits  to  feeder;  2)  time  spent  per  visit  at  feeder; 

3)  total  min  at  feeder  in  24  h;  4)  kg  feed  consumed  in  24  h;  5)  number  of 
interferences  by  cows  with  magnets;  6)  number  of  interferences  by  cows  with¬ 
out  magnets;  and  7)  milk  production  weights. 

Two  adjustment  periods  were  held  in  order  for  animals  to  adjust  to  the 
presence  of  observers.  The  first  period  was  just  prior  to  the  experiment  and 
involved  a  12  h  observation.  The  second  adjustment  was  a  12  h  observation 
period  which  occurred  after  the  installation  of  guardrails  and  before  the 
start  of  the  last  five  trials.  The  feeder  was  equipped  with  a  light  which 
would  go  on  each  time  it  augered  feed.  Observers  used  a  stop  watch  to  record 
the  length  of  time  the  light  was  on  for  each  cow.  The  feeder  augered  .45  kg 
of  pelleted  feed  (16%  protein)  per  min.  In  addition,  the  cows  were  fed  a 
blended  ration  of  corn  silage  (6.0  kg  dry  basis)  and  haylage  (7.7  kg  dry  basis) 
free  choice,  and  4  kg  dry  basis  of  high  moisture  corn  daily.  No  grain  was  fed 
in  the  milking  parlor  during  the  experiment. 

RESULTS 


Average  number  of  visits  and  time  spent  at  the  feeder  by  cows  with  magnets 
is  shown  in  Table  I.  There  was  a  more  efficient  use  of  the  feeder  when  guard¬ 
rails  were  installed  to  protect  the  cows  while  they  were  eating.  Average 
number  of  visits  to  the  feeder  was  21.9  without  guardrails  and  7.5  with  guard¬ 
rails.  Average  time  spent  at  the  feeder  increased  when  guardrails  were  installed 
(1.6  min  without  guardrails  and  6.0  min  with  guardrails).  Average  range  per 
visit  varied  considerably  with  each  cow.  The  most  dominant  cows  (1,  45,  72) 
had  the  greatest  range. 

The  total  min  during  a  24  h  period  that  each  cow  spent  at  the  feeder 
averaged  33.6  without  guardrails  and  39.8  with  guardrails  (Table  I).  Thus, 
the  cow’s  total  min  at  feeder  increased  18.5%  with  guardrails.  The  kg  of 
feed  consumed  also  increased  with  guardrails  (12.0  kg/cow  without  guardrails 
and  15.4  kg/cow  with  guardrails).  As  depicted  in  Table  I,  the  kg  of  milk 
did  not  increase  as  much  as  the  kg  of  feed  consumed  when  there  were  guardrails. 
However,  all  cows  had  passed  their  peak  production,  so  normally  production 
would  be  expected  to  drop.  If  the  cows  had  been  in  an  earlier  part  of  their 
lactation,  then  the  extra  feed  may  have  been  profitable.  Milk  production 
for  the  magnetic  cows  increased  only  1.6%  with  guardrails.  The  non-magnetic 
cows  dropped  5%  in  production  during  this  same  period  of  time.  Guardrails 
were  most  helpful  for  the  cows  low  in  dominance  rank  (9,  70  and  86)  in  obtaining 
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more  feed.  There  was  a  considerable  amount  of  daily  variation  in  the  total 
min  the  feeder  ran,  and  consequently,  in  the  amount  of  feed  consumed  by  most 
cows  in  a  24  h  period.  One  cow  (72)  varied  only  4.5  kg  in  daily  feed  con¬ 
sumed,  whereas  most  of  the  cows  varied  between  8.0  and  14  kg.  This  variation 
in  feed  consumed  is  a  disadvantage  for  this  type  of  feeding  system.  The  total 
min  that  the  feeder  ran  in  a  24  h  period  was  always  quite  constant. 

Table  II  shows  the  utilization  of  the  feeder  by  cows  without  magnets. 

There  was  enough  reinforcement  from  the  small  amount  of  grain  which  was  left 
in  the  feeder  by  the  previous  cow  to  encourage  them  to  keep  interfering  with 
those  cows  with  magnets.  One  of  the  most  dominant  cows  in  the  herd  (13)  did 
not  have  a  magnet,  but  had  more  visits  to  the  feeder  (38.6)  than  any  cow  in 
the  herd,  including  those  with  magnets.  When  guardrails  were  installed,  the 
number  of  visits  to  the  feeder  decreased  by  65.5%  for  the  non-magnetic  cows. 

The  non-magnetic  cows  made  several  visits  to  the  feeder  when  there  were  no 
guardrails  (average  17.4)  and  only  6.0  visits  with  guardrails.  The  total  min 
at  feeder  was  reduced  by  24.6%  with  guardrails. 

Table  III  shows  the  interferences  of  cows  with  magnets  in  a  24  h  period. 
Most  of  the  interferences  of  cows  carrying  magnets  were  caused  by  cows  with¬ 
out  magnets.  As  the  number  of  visits  to  feeder  decreased,  so  did  the  number 
of  interferences.  With  no  guardrails,  the  average  number  of  interferences 
from  cows  without  magnets  was  18.3,  and  only  2.0  from  cows  with  magnets.  Total 
interferences  decreased  73.0%  with  guardrails.  Non-magnetic  cows  caused  87.6% 
of  the  interferences. 

Interferences  of  cows  without  magnets  is  shown  in  Table  IV.  Most  of 
the  interferences  of  cows  without  magnets  were  caused  by  cows  with  magnets. 

With  no  guardrails,  the  number  of  interferences  from  cows  with  magnets  was 
5.0,  and  2.3  from  cows  without  magnets.  Total  interferences  were  reduced 
88.2%  with  guardrails. 

Table  V  shows  the  effect  on  milk  production  when  magnets  were  removed. 

Six  cows  which  averaged  20.6  kg  milk/day  dropped  11.6%  when  magnets  were 
removed.  The  percent  decrease  ranged  from  4.3  to  23.5  kg  milk/day.  There 
was  considerable  variation  with  each  cow  in  their  response  to  the  extra 
feed  from  the  magnetic  feeder. 

The  use  of  the  feeder  by  magnetic  and  non-magnetic  cows  is  shown  in 
Fig.  1.  The  number  of  times  the  cow  used  the  feeder  was  more  constant  and 
much  less  with  guardrails.  Milking  was  done  at  5:00  am  and  4:00  pm  which 
accounts  for  the  lower  use  of  the  feeder  at  this  time  because  fewer  cows 
were  in  the  lot.  When  there  were  no  guardrails,  there  were  more  cows  at 
the  feeder  approximately  1  h  before  milking.  With  guardrails,  the  peak 
activity  occurred  at  approximately  10:00  am.  Generally,  as  a  cow  came 
out  of  the  milking  parlor,  she  would  eat  silage,  drink  water,  and  then  go 
to  the  magnetic  feeder. 
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DISCUSSION 


The  magnetic  grain  feeder  is  one  way  of  providing  extra  feed  to  high 
producers.  The  feeder  should  have  guardrails  which  will  protect  the  cow 
while  she  is  eating.  There  will  be  less  problems  with  boss  cows  and  all 
magnetic  cows,  especially  the  timid  cows,  will  be  able  to  consume  more  feed 
Most  interferences  at  the  feeder  (87.6%)  are  caused  by  non-magnetic  cows 
and  these  disturbances  are  reduced  by  76%  with  guardrails.  Guardrails  in¬ 
creased  the  use  of  the  feeder  by  magnetic  cows  by  18.5%  and  reduced  the  use 
of  the  feeder  by  non-magnetic  cows  by  24.6%. 

A  problem  with  this  type  of  feeding  system  is  not  knowing  exactly  how 
much  feed  each  cow  is  consuming.  This  study  showed  most  cows  varied  a 
great  deal  (8  to  14  kg)  in  their  daily  intake  of  pelleted  feed  at  the  mag¬ 
netic  feeder.  Without  knowing  how  much  each  cow  is  eating,  it  is  difficult 
to  know  when  the  magnetic  feeder  is  no  longer  supporting  production. 

The  manufacturer  of  the  magnetic  grain  feeder  recommends  one  magnet 
cow/hour  of  feeder  exposure.  Eleven  magnetic  cows  were  used  in  this  experi 
ment  for  24  hours  of  feeder  use.  Therefore,  the  magnetic  cows  had  less 
competition  for  feed  from  other  magnetic  cows  and  consequently  probably  ate 
more  feed  than  if  we  would  have  had  24  cows  with  magnets  or  limited  the 
feeder  use  to  11  hours.  However,  we  were  interested  in  observing  feeding 
behavior  for  a  24-hour  period  and  found  cows  will  use  the  magnetic  feeder 
any  time  of  day  or  night  with  least  use  just  before  milking. 
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TABLE  I. 


Utilization  of  Feeder  by  Cows  with  Magnets  During  a  Twenty-Four  Hour  Period. 


a 


Cow 

number 

Avg. 
kg  of 
milk 

No .  of 
visits 

to 

feeder 

Avg. 

time 

per 

visit 

(min) 

Avg. 

range 

per 

visit 

(min) 

Total 
min  at 
feeder 

Total 

min 

feeder 

ran 

kg  of 
feed 

consumed 

No  guardrails 

1 

28. 

.  6 

27. 

.8 

2. 

.4 

<.2-32. 

.0 

66 . 

.9 

46, 

.0 

20. 

.8 

9 

18, 

.4 

11 . 

.2 

.8 

<.2-  7. 

.5 

9. 

.3 

8, 

.  1 

3, 

.7 

41 

20, 

.8 

29. 

.6 

1, 

.3 

<.2-  9. 

.2 

38. 

.5 

33, 

.9 

15, 

.4 

45 

32. 

,  8 

24. 

.2 

1, 

.7 

<.2-16. 

.  1 

41. 

.5 

30. 

.8 

14. 

.0 

64 

19. 

.4 

17. 

.  2 

2. 

.9 

<.2-11. 

.0 

49. 

.6 

43. 

.4 

19. 

.7 

66 

31, 

.4 

22. 

.8 

1. 

.  3 

<.2-11  . 

.4 

29. 

.7 

23. 

.0 

10, 

.4 

70 

35. 

.6 

11. 

.8 

1. 

.8 

<2-  8. 

.5 

21. 

.6 

15, 

.3 

7, 

.0 

71 

18. 

.2 

23. 

.4 

1, 

.5 

<2-  7. 

.4 

34. 

.6 

32. 

.4 

14. 

.7 

72 

25. 

.  7 

15. 

.8 

1. 

.8 

<.2-18. 

.0 

28, 

2 

21, 

.8 

9. 

.9 

81 

31 . 

.0 

35. 

.4 

.9 

<2-11. 

.2 

30, 

.5 

24, 

.3 

11 . 

.0 

86 

18. 

,  2 

21. 

.6 

,9 

<2-10. 

.0 

19. 

.3 

12. 

.3 

5, 

.6 

Mean 

25. 

,5 

21. 

,9 

1 . 

.6 

33, 

.6 

26. 

.5 

12. 

.0 

Guardrails 

1 

29. 

.8 

7 
/  . 

.8 

9. 

.  1 

.4-18. 

.5 

70. 

.8 

66. 

.3 

30. 

.  1 

9 

20. 

.4 

6. 

.6 

6. 

.4 

<2-22. 

,0 

41. 

.9 

35. 

.  1 

15. 

.9 

41 

19. 

.9 

8. 

.0 

3. 

.9 

<.2-  8. 

.3 

31. 

.4 

28. 

.  1 

12. 

.8 

45 

30. 

,9 

6. 

.4 

5. 

.9 

<2-13. 

.  1 

37. 

.4 

31. 

.4 

14. 

.3 

64 

19. 

.0 

7. 

.0 

4. 

,9 

<2-16. 

.0 

34. 

.5 

32. 

.0 

14. 

.5 

66 

33. 

2 

5. 

.8 

8. 

.3 

.4-19. 

,6 

47. 

.9 

37. 

.6 

17. 

.0 

70 

37. 

,  3 

3. 

.  6 

11 . 

.6 

1.5-18. 

,  3 

41  . 

,8 

32. 

.7 

14. 

.8 

71 

19. 

,3 

13. 

,2 

7 

, 

.4 

<2-10. 

.3 

32. 

.4 

28. 

,  2 

12. 

.8 

72 

25. 

,0 

5. 

,4 

5. 

,9 

1.1-16. 

,  3 

31. 

.7 

24. 

.7 

11. 

2 

81 

32. 

,8 

8. 

7 

.  L. 

4. 

.4 

<2-17. 

,4 

36. 

,  1 

30. 

.9 

14. 

,0 

86 

16. 

,9 

10. 

.2 

3. 

,  1 

.3-14. 

,  3 

31. 

,4 

26. 

.9 

12. 

.2 

Mean 

25. 

,9 

7. 

.5 

6. 

,0 

39. 

.8 

34. 

,0 

15. 

.4 

°o  Reduction 

65. 

,8 

°o  Increase 

1 . 

6 

275. 

,0 

18. 

5 

28. 

3 

28. 

3 

All  figures  are  averages  of  five  24-hour  observations  made  before  and  after  installa¬ 
tion  of  guardrails. 
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TABLE  II. 

Use  of  Feeder  by  Cows 

without  Magnets 

During  a  Twenty- 

g 

■Four  Hour  Period. 

Avg. 

Avg. 

• 

No .  of 

time 

range 

Avg. 

visits 

per 

per  Total 

Cow 

kg  of 

to 

visit 

visit  min  at 

number 

milk 

feeder 

(min) 

(min)  feeder 

No  guardrails 

13 

18.2 

38.6 

1.0 

<.2-  4.5 

40.2 

35 

13.3 

21.6 

1.7 

<.2-  4.1 

36.3 

46 

18.3 

23.6 

1.9 

.4-  5.1 

45.0 

50 

18.2 

26.6 

1.6 

<.2-  4.4 

41.9 

55 

12.5 

26.6 

.7 

<.2-  4.1 

19.0 

63 

.0 

10.8 

3.3 

<.2-  3.0 

35.3 

65 

17.3 

29.0 

1.4 

<.2-  3.4 

39.1 

73 

14.3 

17.4 

1.2 

<.2-  6.5 

21 .  1 

74 

15.2 

6.8 

.8 

<.2-  5.2 

5.3 

80 

16.4 

7.8 

1.0 

<.2-  6.1 

8.0 

82 

21.2 

9.2 

1.0 

<.2-  8.0 

8.8 

83 

16.7 

10.0 

1.3 

<.2-  6.1 

13.0 

85 

19.9 

7.2 

1.0 

<.2-  4.0 

6.9 

89 

17.9 

9.0 

1.5 

<.2-12.1 

13.7 

124 

18.9 

17.0 

.5 

<.2-10.0 

9.1 

Mean 

15.9 

17.4 

1 . 3 

22.8 

Guardrails 

13 

17.9 

16.4 

2.1 

A 

NJ 

1 

00 

C/4 

34.8 

35 

10.6 

.0 

.0 

.0-  .0 

.0 

46 

17.8 

16.6 

2.8 

<.2-  4.3 

45.9 

50 

11.6 

3.6 

2.6 

<.2-  3.4 

9.2 

55 

11.2 

4.0 

4.4 

.6-  5.4 

17.7 

63 

.0 

3.4 

2.3 

<.2-  4.4 

7.7 

65 

16.6 

7.2 

3.4 

<.2-  7.2 

24.4 

73 

13.5 

6.4 

4.2 

1.1-14.3 

27.1 

74 

15.7 

1.8 

4.3 

< .2-10.5 

7.8 

80 

15.7 

1.2 

.6 

<.2-  1.0 

.7 

82 

21.2 

1.4 

3.9 

1 — 1 

o 

1 

C/4 

o 

5.5 

85 

18.7 

10.6 

3.0 

<.2-  6.1 

31.6 

85 

19.6 

8.4 

2.2 

<2-  7.1 

18.9 

89 

16.5 

6.0 

2.6 

<.2-  9.0 

15.3 

124 

20.2 

3.4 

3.1 

.5-  4.1 

10.7 

Mean 

15.1 

6.0 

2.8 

17.2 

°o  Reduction 

5.0 

65.5 

24.6 

°o  Increase 

115.4 

g 

All  figures 

are  averages  of  five 

24-hour 

observations 

made  before  and  after 

installa- 

tion  of  guardrails. 
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TABLE  III. 


Interferences  of  Cows  with  Magnets  in  a  Twenty-Four  Hour  Period. 


a 


Cow 

number 

No .  of 
visits 
to  feeder 

No .  of 

interferences 
from  cows 
with  magnets 

No .  of 

interferences 
from  cows 
without  magnets 

Total 

interferences 

No  guardrails 

1 

27.8 

4.5 

36.0 

40.5 

9 

11.2 

2.0 

5.5 

7.5 

41 

29.6 

.0 

26.0 

26.0 

45 

24.2 

2.0 

23.5 

25.5 

64 

17.2 

.5 

4.5 

5.0 

66 

22.8 

3.5 

20.0 

23.5 

70 

11.8 

1.5 

11.5 

13.0 

71 

23.4 

1.0 

4.0 

5.0 

72 

15.8 

.5 

19.0 

19.5 

81 

35.4 

6.0 

33.5 

39.5 

86 

21.6 

1.0 

18.0 

19.0 

Mean 

21.9 

2.0 

18.3 

20.4 

Guardrails 

1 

7.8 

1.0 

6.5 

7.5 

9 

6 . 6 

5.5 

3.5 

9.0 

41 

8.0 

.0 

6.0 

6.0 

45 

6.4 

2.0 

2.0 

4.0 

64 

7.0 

.0 

5.0 

5.0 

66 

5.8 

1.0 

1.0 

2.0 

70 

3.6 

.0 

7.0 

7.0 

71 

13.2 

.0 

5.0 

5.0 

72 

5.4 

.0 

1.0 

1.0 

81 

8.2 

2.5 

6.0 

8.5 

86 

10.2 

.5 

5.0 

5.5 

Mean 

7.5 

1.1 

4.4 

5.5 

?o  Reduction 

65.8 

45.0 

76.0 

73.0 

All  figures  are 

averages  of  five 

24-hour  observations 

;  made  before  and 

after  installa- 

tion  of  guardrails. 

68 


TABLE  IV.  Interferences  of  Cows  without  Magnets  in  a  Twenty-Four  Hour  Period. 


Cow 

number 

No .  of 
visits 
to  feeder 

No .  of 

interferences 
from  cows 
with  magnets 

No .  of 

interferences 
from  cows 
without  magnets 

Total 

interferences 

No  guardrails 

13 

38.6 

4.5 

.5 

5.0 

35 

21.6 

1.5 

2.0 

3.5 

46 

23.6 

.5 

.0 

.5 

50 

26.6 

3.0 

7.0 

10.0 

55 

26.6 

.0 

.5 

.5 

63 

10.8 

31.5 

3.5 

35.0 

65 

29.0 

2.0 

4.0 

6.0 

73 

17.4 

13.0 

5.0 

18.0 

74 

6.8 

12.5 

5.0 

17.5 

80 

7.8 

1.0 

.0 

1.0 

82 

9.2 

.0 

1.5 

1.5 

83 

10.0 

2.5 

.5 

3.0 

85 

7.2 

.0 

.5 

.5 

89 

9.0 

.0 

1.5 

1.5 

124 

17.0 

2.5 

3.0 

5.5 

Mean 

17.4 

5.0 

2.3 

6.8 

Guardrails 

13 

16.4 

.0 

.0 

.0 

35 

0 

.0 

.0 

.0 

46 

16.6 

1.0 

.5 

1.5 

50 

3.6 

1.0 

.5 

1.5 

55 

4.0 

.0 

.0 

.0 

63 

3.4 

1.5 

.0 

1.5 

65 

7.2 

.0 

.0 

.0 

73 

6.4 

.5 

.5 

1.0 

74 

1.8 

.0 

.0 

.0 

80 

1.2 

.5 

.0 

.5 

82 

1.4 

.0 

.5 

.5 

83 

10.6 

2.5 

1.5 

4.0 

85 

8.4 

.5 

.0 

.5 

89 

6.0 

1.0 

.0 

1.0 

124 

3.4 

.5 

.0 

.5 

Mean 

6.0 

.  6 

.2 

.8 

%  Reduction 

65.5 

88.0 

91.3 

88.2 

All  figures  are  averages 
tion  of  guardrails. 


of  five  24-hour  observations  made  before  and  after  installa- 
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TABLE  V.  Effect  on  Milk  Production  when  Magnets  were  Removed. 


With  magnets 

Magnets  removed 

Avg. 

Total 

kg  of 

Avg. 

Total 

kg  of 

%  de- 

Cow 

kg  of 

min  at 

feed 

kg  of 

min  at 

feed 

crease 

number 

milk 

feeder 

consumed 

milk 

feeder 

consumed 

in  milk 

41 

22.0 

43.8 

17.7 

18.1 

49.0 

0 

17.7 

86 

20.4 

22.2 

6.2 

15.6 

10.6 

0 

23.5 

64 

20.2 

49.9 

19.7 

18.5 

12.6 

0 

8.4 

71 

20.3 

34.5 

14.7 

18.4 

16.3 

0 

9.4 

124 

19.9 

51.4 

21.2 

18.7 

15.4 

0 

6.0 

82 

20.7 

28.6 

11.6 

19.8 

8.8 

0 

4.3 

Mean 

20.6 

38.4 

15.2 

18.2 

18.8 

0 

11.6 

70 


pm.  TIME  (hours)  am. 

- No  Guardrails - W/Guardrails 

FIG.  I  Use  of  feeder  by  26  cows  in  a  24  hour  period. 


NO.  of  times  at  feeder 
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ENVIRONMENTAL  FACTORS  AFFECTING  WOOD  DUCK 
ROOSTING  FLIGHTS  IN  SOUTHERN  ILLINOIS 

1  2 
M.  Douglas  Scott  and  Delbert  E.  Parr 

Department  of  Zoology 

Southern  Illinois  University  at  Carbondale  62901 

ABSTRACT  --  Autumn  roosting  flights  of  wood  ducks 
(Aix  sponsa)  in  Southern  Illinois  were  analyzed  to 
determine  if  they  had  a  pattern  and  if  this  pattern 
could  be  related  to  environmental  conditions.  As 
the  season  advanced,  first  birds  arrived  progres¬ 
sively  closer  to  sunset,  while  the  last  birds  always 
arrived  soon  after  sunset,  resulting  in  a  gradual 
shortening  of  the  duration  of  the  roosting  flight 
and  an  increase  in  the  percentage  of  the  flight 
arriving  after  sunset.  Temperature  and  light  inten¬ 
sity  constants  were  not  related  to  the  arrival  times 
of  the  first  roosting  birds,  and  a  decline  in  light 
intensity  observed  at  the  arrival  of  the  first  birds 
was  caused  primarily  by  the  days  becoming  shorter. 
The  arrival  of  first  birds  at  a  relatively  constant 
time,  irrespective  of  environmental  conditions, 
indicated  they  used  an  'internal  clock1  to  initiate 
the  flight.  The  last  birds'  arrival  at  the  roost 
was  not  influenced  by  temperature,  but  was  related 
to  a  low  light  intensity  of  about  5-10  footcandles. 
Cloudy  weather  did  not  affect  the  time  of  initia¬ 
tion  of  the  roosting  flight,  but  did  significantly 
move  the  arrival  time  of  the  last  birds  ahead. 
Because  of  this,  the  percentage  of  the  flock  enter¬ 
ing  the  roost  before  sunset  on  cloudy  days  was 
about  twice  that  on  clear  days. 

INTRODUCTION 


The  wood  duck  is  a  gregarious  species  which  flies  to  communal 
nighttime  roosts  in  swamps  and  lakes,  particularly  during  the  fall  and 


Present  address:  Institute  of  Applied  Research,  Montana  State  Univer¬ 
sity,  Bozeman,  Montana  59717. 

2 

Present  address:  Environmental  Engineering  Dept.,  Amax  Coal  Co., 
Indianapolis,  Indiana  46225. 


72 


winter  months  (Stewart,  1958;  Hartowicz,  1965).  Seasonal  changes  in 
the  timing  and  duration  of  these  evening  roosting  flights  have  been 
documented  (Martin  and  Haugen,  1960;  Hester  and  Quay,  1961;  Hein,  1961 
and  1965;  and  Tabberer,  et  al.,  1971),  but  the  exact  environmental  or 
physiological  factors  which  trigger  the  start  and  finish  of  the  roosting 
flight  have  been  unknown. 

The  purpose  of  this  study  was  to  observe  the  changes  in  the  timing 
of  the  wood  duck  roosting  flight  in  Southern  Illinois,  and  attempt  to 
correlate  these  changes  with  various  environmental  parameters  which  were 
simulaneously  monitored,  so  that  a  cause  and  effect  relationship  might 
be  indicated. 


MATERIALS  AND  METHODS 


The  study  roosts  were  within  the  2960  ha  Union  County  Wildlife 
Refuge,  located  on  the  Mississippi  River  floodplain  approximately  13  km 
west  of  the  town  of  Anna,  Illinois.  The  refuge  contains  three  open- 
water  lakes,  plus  several  areas  of  standing  timber  which  are  artifici¬ 
ally  flooded  in  the  fall  by  Illinois  Department  of  Conservation  person¬ 
nel.  There  also  are  scattered  swampy  areas  in  which  buttonbush  (Cephal - 
anthus  occidental  is)  is  the  principal  species.  Uplands  surrounding  the 
lakes  and  swamps  are  composed  of  grain  fields  interspersed  with  the 
typical  oak  (Quercus  spp. )  -  hickory  (Carya  spp. )  forest  of  Southern 
Illinois. 

Two  wood  duck  roosts  (called  'Triangle'  and  'Grassy  Lake')  were 
located  on  the  study  area  by  following  flocks  of  birds  in  flight  during 
the  evening,  as  described  by  Hein  and  Haugen  (1966).  Incoming  birds 
were  observed  from  a  place  where  they  could  be  seen  crossing  open  fields 
or  water  adjacent  to  the  roost.  Counts  of  birds  in  relation  to  time  of 
day  were  always  made  by  two  experienced  observers  to  minimize  over¬ 
looking  ducks.  At  times,  accurate  sightings  could  only  be  made  from  a 
boat.  Observations  at  each  roost  were  made  1  or  2  times  per  week  from 
20  August  to  30  November  1973. 

Observations  always  started  at  least  1  hour  before  sunset,  in  an 
attempt  to  determine  when  the  first  bird  came  to  roost.  The  last  bird 
was  assumed  to  have  arrived  after  a  15-minute  period  passed  during  which 
no  more  birds  were  seen. 

A  Weston  Master  V  Universal  exposure  meter  was  used  to  measure 
light  intensity  when  the  first  and  last  birds  came  to  roost.  Day  length 
and  maximum,  minimum  and  mean  temperature  data  for  correlation  purposes 
were  obtained  from  the  nearby  town  of  Anna  (Hartline,  1973).  Clear 
versus  overcast  cloud  data  were  recorded  at  the  individual  roost  site. 

RESULTS 


Table  1  summarizes  the  monthly  arrival  times  at  the  roost  of  the 
first  and  last  birds  in  relation  to  sunset.  The  arrival  times  of  the 
first  birds  in  August  could  not  be  reliably  determined,  since  some  birds 
were  known  to  be  flying  to  the  roost  before  the  normal  roosting  flight 
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observations  began  (Parr  and  Scott,  1978).  An  overall  average  calcu¬ 
lated  for  the  remaining  nine  10-day  intervals  from  2  September  through 
30  November  1973  revealed  that  the  first  wood  duck  arrived  at  the  roost 
an  average  of  6.0  minutes  nearer  to  sunset  for  each  10-day  period. 
During  the  same  90-day  period,  the  last  wood  duck  arrived  at  the  roost 
an  average  of  only  1.9  minutes  more  after  sunset  for  each  10-day  inter¬ 
val.  The  duration  of  flight  activity,  therefore,  became  shorter  by  38 
minutes  as  the  season  advanced. 


TABLE  1.  Time  of  arrival  of  first  and  last  wood  duck  in  relation  to 
sunset  and  mean  duration  of  the  roost  flight  for  each  month. 
Positive  numbers  are  minutes  before  sunset  and  negative 
numbers  are  minutes  after  sunset.  Data  are  from  both  the 
Triangle  and  Grassy  Lake  Roosts. 


Month 

(n) 

First 

Bird 

Last 

Bi  rd 

Mean  Dura¬ 
tion  of 

FI ight 

Earl iest 

Latest 

Meana 

Earl iest 

Latest 

Mean 

August 

(2) 

— 

— 

— 

2 

-  7 

-  3 

— 

September 

(9) 

78 

36 

53 

-  9 

-24 

-13 

67 

October 

(13) 

68 

9 

36 

-16 

-32 

-23 

59 

November 

(5) 

21 

-16 

-  1 

-25 

-34 

-30 

29 

aMean  time  of  the  first  bird  arriving  at  the  roost  could  not  be  reliably 
determined  in  August,  due  to  some  birds  flying  to  the  roost  before 
regular  observations  began. 


Relationship  of  Light  Intensity  and  Temperature  to  Roosting  Flight  Times 

Light  intensity  readings  recorded  at  the  arrival  of  the  first  birds 
on  both  roosts  showed  a  decline  as  the  season  advanced  (Figure  1). 
Computer  regression  analysis  (Nie  et  al . ,  1970)  revealed  a  strong  rela¬ 
tionship  (p<0.01),  between  the  level  of  light  intensity  at  which  the 
first  bird  came  to  roost  and  the  declining  day  length.  The  two  vari¬ 
ables  were  also  highly  correlated  ( p<0 . 01 ) ,  producing  a  correlation 
coefficient  of  .91.  Thus,  the  decline  in  day  length  was  the  major  cause 
of  the  lower  light  intensity  at  the  arrival  time  of  the  first  bird  as 
the  season  progressed,  and  the  birds  were  not  using  some  constant  light 
intensity  level  as  a  signal  to  go  to  roost. 

In  21  out  of  27  observations  during  September,  October  and  Novem¬ 
ber,  when  the  roosting  flight  pattern  had  stabilized,  the  first  wood 
ducks  entering  the  roost  always  arrived  between  16:30  and  17:00.  No 
daily  trends  in  time  of  arrival  were  seen,  in  spite  of  the  fact  that 
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Fig.  1.  Level  of  light  intensity  at  which  the  first  and  last  wood 

duck  arrived  at  the  Triangle  Roost  or  Grassy  Lake  Roost  during 
the  evening  roosting  flight.  Four  hundred  footcandles  (+) 
represented  full  daylight,  and  so  was  recorded  at  a  variety  of 
times  during  September,  due  to  early  entering  of  roosts  by 
ducks  during  this  period.  Stars  indicate  Grassy  Lake  data. 


days  were  becoming  progressively  shorter.  Stepwise  multiple  regression 
analysis  revealed  no  significant  relationship  ( p>0 . 01 )  between  the  time 
at  which  the  first  bird  came  to  roost  and  any  combination  of  daily 
maximum,  minimum  or  mean  temperature,  or  the  number  of  birds  being 
counted. 

The  timing  of  the  last  bird's  arrival  at  the  roost  during  all  4 
months  did,  however,  appear  to  be  related  to  light  intensity.  This  is 
shown  in  Figure  1,  where  it  can  be  seen  that  a  relatively  uniform  low 
light  intensity  of  5-10  footcandles  was  recorded  at  the  arrival  time  of 
the  last  bird.  Analysis  of  these  times  demonstrated  that  wood  ducks 
arrived  progressively  slightly  later  (1.9  minutes  per  10-day  interval) 
in  relation  to  sunset  as  the  season  advanced.  This  slight  delay  was  not 
enough,  however,  to  cause  a  significant  decline  in  the  light  intensity 
readings. 
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No  relationship  (p>0.01)  was  seen  between  the  arrival  times  of  the 
last  birds  and  any  combination  of  maximum,  minimum  or  mean  temper¬ 
atures,  or  the  number  of  birds  being  counted. 

Because  of  the  inflexibility  in  the  absolute  arrival  time  of  the 
first  birds,  the  total  percentage  of  birds  arriving  at  the  roost  before 
sunset  decreased  as  the  season  advanced  (Figure  2).  Regression  analysis 
revealed  a  significant  relationship  (p<0.01)  between  the  declining 
percent  of  the  total  flight  arriving  before  sunset  and  the  declining  day 
length,  for  both  cloudy  and  clear  days  separately.  Percent  of  the  birds 
arriving  before  sunset  for  all  days  combined  was  also  highly  correlated 
with  day  length  (r  =  .97). 

Multiple-regression  analysis  revealed  no  relationship  (p>0.01)  be¬ 
tween  the  percent  of  the  flight  arriving  before  sunset  and  minimum, 
maximum  or  mean  temperature,  or  the  total  number  of  birds  being  counted. 


Fig.  2.  Percentage  of  wood  ducks  arriving  at  the  Triangle  Roost  or  the 
Grassy  Lake  Roost  before  sunset  on  cloudy  and  clear  days. 

Stars  indicate  Grassy  Lake  data. 


Relationship  of  Cloud  Cover  to  Roosting  Flight  Times 

The  mean  arrival  times  of  the  first  bird  for  cloudy  versus  clear 
days  revealed  no  significant  difference  between  the  two  (mean  for  clear 
days  =  34.0  minutes  before  sunset;  mean  for  cloudy  days  =  40.2  minutes; 
p>0.10,  students  t-test),  thus  indicating  that  first  birds  continued  to 
arrive  at  a  set  absolute  time. 

Comparison  of  the  mean  arrival  times  of  last  birds,  however,  in- 


76 


cheated  that  they  flew  to  the  roost  significantly  earlier  on  cloudy  days 
than  on  clear  days  (mean  for  cloudy  days  =  17.8  minutes  after  sunset; 
mean  for  clear  days  =  25.3  minutes,  p<0.10,  students  t-test,  August 
flights  omitted).  As  we  noted  before,  it  appeared  that  the  time  of 
arrival  of  the  last  bird  was  related  to  light  intensity.  In  this  case, 
a  cloudy  day  caused  the  ultimate  low  light  intensity  to  be  reached 
earlier  in  relation  to  sunset;  thus  last  birds  flew  to  roost  earlier  on 
cloudy  days.  Since  a  cloud  cover  at  the  16:30  -  17:00  time  did  not 
cause  a  reduction  in  available  light  to  the  critical  level,  the  first 
birds  did  not  show  the  marked  tendency  to  fly  to  the  roost  earlier  at 
that  hour. 

As  a  result  of  these  arrival  times,  a  larger  total  percentage  of 
the  flight  arrived  at  the  roost  before  sunset  on  cloudy  (overcast)  days 
than  on  clear  days  (Figure  2).  The  total  percent  of  the  flight  arriving 
before  sunset  on  cloudy  days  averaged  approximately  twice  as  much  as  on 
clear  days.  Regression  lines  and  confidence  belts  (Snedecor  and 
Cochran,  1967:  154)  of  percent  of  birds  arriving  before  sunset  on  cloudy 
and  clear  days  revealed  that  the  difference  was  significant  ( p<0 . 01 )  for 
days  more  than  665  minutes  long  -  equaling  from  the  start  of  the  study 
in  August  through  17  October  1973  (Y  =  -400.96  +  .697X  for  cloudy  days; 

Y  =  -338.05  +  .538X  for  clear  days,  where  Y  =  percent  before  sunset  and 
X  =  day  length  in  minutes).  For  days  shorter  than  665  minutes  long  (18 
October  1973  to  the  end  of  observations  on  30  November  1973),  the  per¬ 
cent  of  birds  arriving  before  sunset  for  cloudy  and  clear  days  was  not 
significantly  different.  This  was  expected  since,  at  this  time,  nearly 
all  birds  were  arriving  after  sunset  on  both  cloudy  and  clear  days 
because  sunset  was  occurring  close  to  or  after  17:00,  which  was  about 
the  average  arrival  time  for  the  first  bird. 

The  noticeable  effect  of  cloud  cover  on  the  total  percent  of  the 
birds  coming  to  roost  before  sunset  (Figure  2)  was  the  result  of  the 
cloud  cover's  influence  on  the  last  birds'  time  of  arrival.  Each  roost 
count  was  observed  to  take  on  the  shape  of  a  normal  curve  with  slight 
negative  skewness  -  in  that  after  the  first  bird  was  seen,  the  numbers 
entering  the  roost  gradually  reached  a  peak,  and  then  more  abruptly 
tapered  off  as  the  last  birds  arrived  (Parr  and  Scott,  1978).  By  shift¬ 
ing  the  last  birds'  arrival  times  an  average  of  7.5  minutes  earlier 
(which  occurred  on  cloudy  days),  but  not  shifting  the  arrival  time  of 
the  first  birds',  the  shape  of  the  resultant  model  roost  curve  (Figure 
3)  is  changed  enough  so  that  it  very  closely  predicts  the  observed  per¬ 
centage  differences  for  clear  versus  cloudy  days  contained  in  Figure  2. 


DISCUSSION  AND  CONCLUSIONS 


In  this  study,  mean  September  arrival  times  were  53  minutes  before 
sunset  for  first  birds,  while  last  birds  arrived  at  the  roost  a  mean  of 
13  minutes  after  sunset.  This  corresponds  with  the  findings  of  Martin 
and  Haugen  (1960),  who  reported  early  fall  roosting  flights  began  about 
45  minutes  before  sunset,  with  little  activity  after  sunset,  but  dif¬ 
fered  from  Hein  (1961),  who  reported  early  season  wood  duck  flights 
lasted  from  about  30  minutes  before  sunset  to  30  minutes  after  sunset. 
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J  - CLEAR  DAY  - CLOUDY  DAY 


Fig.  3.  Model  of  observed  monthly  roost  arrival  curves  of  wood  ducks  in 
relation  to  sunset  on  clear  days,  with  predicted  different 
cloudy  weather  arrival  curves  caused  by  a  mean  7.5-minute 
earlier  arrival  of  the  last  birds.  August  20th  with  100  per¬ 
cent  arriving  before  sunset  on  a  clear  day  and  100  percent  on 
a  cloudy  day;  16  September  with  70  percent  arriving  before 
sunset  on  a  clear  day  and  96  percent  on  a  cloudy  day;  17 
October  with  12  percent  arriving  before  sunset  on  a  clear  day 
and  30  percent  on  a  cloudy  day;  21  November  with  0  percent 
arriving  before  sunset  on  a  clear  day  and  a  cloudy  day. 


Martin  and  Haugen  (1960)  found  that  the  first  wood  duck  arrived  at 
the  roost  an  average  of  7  minutes  later  for  each  10-day  period  in  the 
fall,  which  was  similar  to  our  results  of  6  minutes. 

The  seasonal  decline  in  light  intensity  at  the  arrival  of  the  first 
bird  which  we,  and  other  workers  (Martin  and  Haugen,  1960;  Hester  and 
Quay,  1961;  Hein,  1965)  observed,  is  evidence  that  wood  ducks  do  not  use 
some  constant  light  level  as  a  signal  to  begin  the  roosting  flight. 
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Likewise,  the  gradually  cooler  temperatures  occurring  in  the  autumn  were 
not  found  to  influence  wood  duck  roosting  flight  initiation. 

Because  first  birds  were  consistently  arriving  at  the  roost  between 
16:30  and  17:00  throughout  the  autumn,  they  were  apparently  using  some 
internal  or  external  absolute  timing  mechanism.  Examples  of  biochron- 
ometry  are  well  known  among  many  groups  of  animals,  including  birds 
(Palmer,  1976;  Saunders,  1977),  so  it  is  not  surprising  that  wood  ducks 
also  are  capable  of  exhibiting  this  phenomenon. 

The  last  birds'  arrival  at  the  roost  was  correlated  with  a  low 
light  intensity  level  of  about  5-10  footcandles,  possibly  because  this 
limited  how  well  the  birds  could  see  suitable  safe  roosting  niches. 

Since  autumn  days  become  shorter  in  Southern  Illinois,  and  since 
first  birds  kept  flying  to  the  roost  at  the  same  absolute  time,  a  pro¬ 
gressively  greater  percentage  of  the  total  roosting  flight  arrived  after 
sunset  as  the  season  progressed,  which  agrees  with  the  findings  of 
Martin  and  Haugen  (1960),  Hein  (1961),  and  Tabberer,  et  al .  (1971). 

Last  birds  going  to  the  roost  only  slightly  delayed  their  relative 
arrival  times  due  to  limiting  low  light  levels,  while  first  birds  kept 
arriving  at  about  the  same  absolute  time,  and  this  is  the  cause  of  the 
decline  in  the  duration  of  the  flight  activity  noted  by  us  and  other 
workers  (Martin  and  Haugen,  1960;  Hein,  1961  and  1965). 

Cloudy  weather  did  not  cause  first  birds  to  go  to  roost  earlier, 
because  no  limiting  low  light  intensity  was  reached.  Cloud  cover  did 
cause  last  birds  to  go  to  roost  earlier,  probably  because  of  lowered 
light  levels,  and  the  resultant  shift  in  the  total  roosting  flight 
caused  a  significantly  greater  percentage  of  the  birds  (about  two  times 
as  many)  to  enter  the  roost  before  sunset  on  cloudy  days. 
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ABSTRACT . --Twenty- five  unpublished  specimens 
of  the  least  weasel  constituting  seven  new 
county  records  are  presented.  The  least 
weasel  is  now  documented  for  20  Illinois 
counties,  and  is  well  distributed  in  the 
northern  half  of  the  state.  Future 
collecting  in  the  central  counties  would 
provide  valuable  information  on  the  southern 
limits  of  this  species  in  Illinois.  White 
or  molting  specimens  of  the  least  weasel 
were  taken  in  Winnebago,  Carroll,  Knox, 
Livingston,  and  Champaign  counties. 

INTRODUCTION 


The  first  documented  specimen  of  the  least  weasel 
(Mustela  nivalis )  from  Illinois  was  captured  on  3 
February  1925  in  a  house  in  Highland  Park,  Lake  County 
(Gregory  and  Sandborn  1929) .  This  specimen  was  re¬ 
portedly  mounted  and  displayed  in  the  Elm  Place  Grammar 
School  in  Highland  Park.  The  second  and  third  Illinois 
specimens  were  also  recorded  by  Gregory  and  Sandborn 


■^Present  address:  Natural  Areas  Biologist,  Illinois 
Department  of  Conservation,  Region  II  Headquarters, 

110  James  Road,  Spring  Grove,  Illinois  60081. 

2 

Present  address:  Missouri  Department  of  Conservation, 
P.0.  Box  180,  Jefferson  City,  Missouri  65101. 
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(1929) .  The  second  specimen  was  taken  on  30  September 
1927  in  a  house  in  Northfield  Township,  Cook  County.  The 
skull  of  this  specimen  was  given  to  the  Field  Museum  of 
Natural  History  (FMNH) ,  Chicago.  The  third  specimen  was 
trapped  by  L.  J.  de  Woody  near  Beach,  Lake  County.  This 
specimen  was  also  given  to  the  FMNH.  Mr.  de  Woody  reported 
that  he  captured  the  specimen  on  10  January  1928  in  a  steel 
trap  set  for  mink.  He  also  stated  that  he  caught  five  other 
least  weasels  during  that  winter. 

The  data  published  since  1929  were  scattered  and  not 
readily  available  until  Warnock  and  Warnock  (1973)  reviewed 
the  recent  literature  on  the  southward  range  extension  of 
the  least  weasel  ih  central  and  eastern  United  States. 

Since  this  review  several  new  Illinois  records  have  been 
published  and  a  number  of  unreported  specimens  have  been 
located.  Figure  1  shows  the  present  distribution  of  the 
least  weasel  in  Illinois  based  on  literature  records  and 
specimens  the  authors  have  seen. 

DISCUSSION 

Necker  and  Hatfield  (1941)  reported  the  least  weasel 
from  Lake,  Cook,  McHenry,  and  Lee  counties.  The  Lee  County 
specimen  was  taken  on  27  July  1939  near  Henkel,  and  is 
housed  in  the  Illinois  Natural  History  Survey  (INHS  189) 
collection.  Ten  years  later,  Hall  (1951)  examined  six 
Illinois  specimens  of  the  least  weasel  in  the  FMNH  collec¬ 
tion  (Cook  Co.:  LaGrange^  1;  Northfield,  1;  Lake  Co.: 
Deerfield,  3;  no  specific  locality,  1).  Currently,  only 
two  Illinois  specimens  of  the  least  weasel  could  be  found 
in  the  FMNH  collection  (Lake  Co.:  Tower  Lake,  8  April  1951, 
FMNH  38033;  Deerfield,  23  April  1932,  FMNH  77480). 

Hoffmeister  (1956)  reported  a  least  weasel  captured  in 
a  window-well  in  a  house  in  Urbana,  Champaign  County.  This 
specimen  was  collected  on  26  November  1954  and  is  specimen 
no.  7358  in  the  University  of  Illinois  Museum  of  Natural 
History  (UIMNH)  collection.  Since  this  collection  four 
other  specimens  of  the  least  weasel  have  been  reported 
from  Champaign  County  (Parmalee  and  Munyer  1966) .  Only 
one  (UIMNH  26295)  of  the  four  was  prepared  as  a  specimen, 
it  was  captured  on  14  July  1961.  In  addition  to  the  above- 
mentioned  records  seven  unpublished  Champaign  County 
specimens  were  located  including  two  in  the  Illinois  State 
Museum  (ISM)  mammal  collection  (Urbana,  2  December  1961, 

ISM  614480;  Urbana,  8  March  1961,  ISM  614169,  molting 
specimen;  5  mi.  NE  of  Urbana,  10  March  1951,  UIMNH  26260; 

1  mi.  S.  of  Urbana,  12  July  1965,  UIMNH  32838;  Champaign, 
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Figure  1.  Distribution  of  the  least  weasel  in  Illinois. 

Rectangles  indicate  published  records,  dots 
represent  previously  unreported  specimens. 


83 


1  March  1970,  UIMNH  42016;  Champaign,  11  September  1973, 
UIMNH  50113;  4.5  mi.  NE  of  Urbana,  3  November  1976,  UIMNH 
53929)  . 

Verts  (1960)  reported  the  collection  of  two  least 
weasels  from  northwestern  Illinois.  Both  specimens  were 
from  Carroll  County  and  are  housed  in  the  INHS  collection. 
The  first  specimen  was  taken  on  13  March  1958  in  Cherry 
Grove  Township  (INHS  634) .  The  second  specimen,  in  white 
pelage,  was  taken  near  Chadwick  on  2  December  1959  (un¬ 
catalogued)  . 

A  lower  mandible  and  skull  fragments  of  a  least  weasel 
were  recovered  in  July  1961  from  an  excavation  in  a  lime¬ 
stone  bluff  southwest  of  Columbia,  Monroe  County  (Parmalee 
and  Munyer  1966).  This  collection  is  undoubtedly  pre¬ 
historic,  nevertheless  it  represents  the  southern  most 
verified  collection  of  the  species  in  Illinois. 

The  only  record  for  Woodford  County  is  a  specimen  (ISM 
68457)  retrieved  from  the  stomach  of  a  wintering  short¬ 
eared  owl  (Asio  f lammeus)  collected  near  Minonk  (Munyer 

1966,  Parmalee  and  Munyer  1966). 

McLean  County  is  represented  by  four  specimens 
collected  near  Normal  (Schmidt  and  Lewin  1968).  Three  of 
the  specimens  were  trapped  on  28  March,  26  May,  and  17  July 

1967.  The  fourth,  a  mummified  specimen,  was  found  on  14 
September  1967.  The  three  trapped  specimens  are  housed  in 
the  mammal  collection  at  Illinois  State  University  (ISU  377, 
378,  and  379) . 

Warnock  and  Warnock  (1973)  collected  a  road-killed 
specimen  of  the  least  weasel  on  13  March  1971  near  Macomb, 
McDonough  County  and  reported  a  specimen  collected  by 
Calhoun  (1971)  on  8  March  1969  from  Oswego  Township  in 
Kendall  County.  An  unpublished  specimen  from  McDonough 
County  was  collected  on  7  June  1974  one  mile  west  of 
Walnut  Grove  Village.  All  three  specimens  are  in  the 
Western  Illinois  University  (WIU)  mammal  collection. 

Harty  and  Stains  (1975)  reported  a  specimen  of  the 
least  weasel  found  dead  near  Kinsman,  Grundy  County  on 
10  November  1973,  and  a  specimen  in  white  pelage  collected 
in  Belle  Prairie  Township,  Livingston  County  on  6 
February  1956.  The  Grundy  County  specimen  was  deposited 
in  the  Southern  Illinois  University  (SIU)  mammal  collec¬ 
tion  at  Carbondale  (uncatalogued) ,  and  the  Livingston 
County  specimen  is  no.  612  in  the  INHS  collection. 
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The  following  unpublished  specimens  establish  new 
county  records  for  the  least  weasel  in  Illinois. 

Boone  County:  One  specimen  was  collected  on  2  November 
1976  three  miles  northeast  of  Poplar  Grove  (SIU  un¬ 
catalogued)  . 

DeKalb  County:  Seven  specimens  were  located  including 
three  housed  in  the  Northern  Illinois  University  (NIU) 
mammal  collection  (0.5  mi.  S  of  Malta,  July  1946,  UIMNH 
963;  5  mi.  E  of  DeKalb,  May  1970,  NIU  899;  DeKalb,  Spring 
1961,  NIU  098;  2  mi.  E  of  Clare,  20  December  1966,  NIU 
097;  DeKalb,  no  date,  INHS  190).  One  specimen  of  the 
least  weasel  was  found  in  the  Russel  Forest  Preserve 
ature  Center  near  Genoa.  The  specimen  was  reportedly 
captured  in  the  preserve.  The  seventh  specimen  was 
collected  on  23  August  1974  and  is  in  the  personal  collec¬ 
tion  of  H.  D.  Walley. 

Kane  County;  A  specimen  of  the  least  weasel  was  collected 
near  St.  Charles  on  9  June  1970  (ISM  614418). 

Knox  County :  Two  specimens  of  the  least  weasel  were 
collected  four  miles  south  of  Victoria  at  the  Knox 
College  Biological  Field  Station.  The  first  specimen, 
collected  on  14  April  1972,  had  white  flecking  around 
both  shoulders.  The  second  specimen  was  taken  on  2  April 
1974.  These  specimens  are  catalogued  K898  and  K936  in  the 
Knox  College  vertebrate  collection  at  Galesburg. 

LaSalle  County:  The  only  record  for  LaSalle  County  was 
taken  five  miles  south  of  Sandwich  on  10  February  1974  and 
is  in  the  personal  collection  of  H.  D.  Walley. 

Mercer  County;  A  frozen  specimen  of  the  least  weasel,  in 
the  possession  of  B.  Allen,  was  collected  two  miles  west 
and  one  mile  north  of  Joy.  This  specimen  will  be  donated 
to  WIU. 

Winnebago  County:  Two  specimens  of  the  least  weasel  were 
found  in  the  Burpee  Museum  of  Natural  History  at  Rockford. 
Mr.  M.  Mahlburg,  curator  of  the  museum,  stated  that  one 
specimen  was  taken  in  the  late  1950  and  the  other  specimen 
(white  pelage)  was  taken  about  1960. 

Since  acceptance,  an  additional  McHenry  County  specimen  of 
the  least  weasel  was  collected  on  29  May  1978  by  C.  N. 

Becker  2  miles  north  of  Spring  Grove,  and  an  additional 
specimen  from  Carroll  County  was  collected  by  Ruth  Daehler  on 
September  28,  1978.  These  specimens  will  be  deposited  in  the 
ISM. 
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IMMUNOGENETIC  STUDIES  OF  THE  WHITE  LOCUS  ALLELES  w+,  w,  wa  AND  wh 

OF  DROSOPHILA  MELANQGASTER 

Kai-dee  J.  Hsu^  and  Jack  Bennett£ 

Department  of  Biological  Sciences 
Northern  Illinois  University 
DeKalb,  Illinois  50115 

ABSTRACT 


Immunodiffusion  analysis  (Ouchterlony)  of  4  white- 
locus  alleles  w  ,  w,  wa,  wh  in  co-isogenic  inbred 
Oregon-R  backgrounds  indicated  only  one  precipitate 
line  difference  that  appears  to  support  a  portion 
of  Fuscaldo's  analysis.  Immunoelectrophoresis  with 
the  same  material  did  not  allow  confirmation  of  that 
difference.  We  suspect  that  the  electrophoretic 
separation  may  have  eliminated  some  necessary  inter¬ 
action.  We  find  no  clear-cut  antigenic  differences 
between  those  co-isogenic  lines  differing  by  white- 
locus  substitutions. 

The  whi te  locus  of  Drosophi 1  a  me! anogaster  is  located  on  the  X 
chromosome  and  has  been  mapped  into  at  least  five  recombi national 
sites  (Lewis  1952;  Judd  1964).  Fuscaldo  and  Fox  1961,  Fuscaldo 
1961  and  1962,  Fuscaldo  and  McCarron  1965  and  1967,  and  Fuscaldo, 
McCarron  and  Dempsey  1966,  did  immunogenetic  studies  on  this  locus 
using  the  Ouchterlony  immunodiffusion  test.  According  to  Fuscaldo, 
McCarron  and  Dempsey  1966,  and  Fuscaldo  and  McCarron  1967,  antigens 
prepared  from  mutants  at  the  two  proximal  sites  (4  and  5)  and  the 
wild  types  exhibit  the  same  specificity  as  the  distal  sites  (1,  2, 
and  3),  as  evidenced  by  continuity  of  the  precipitation  line  in 
agar,  but  are  displaced.  This  corresponds  to  the  function-spatial 
subdivision  of  the  white  region  reported  by  Green  (1959)  at  the 
phenotypic  level  and  Ghosh  and  Forrest  (1967)  at  the  biochemical 
1 evel . 


^Currently  a  Technical  Assistant,  Biology  Department,  Carleton 
College,  florthfield,  Minnesota  55057 

^Contribution  No.  547 
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After  preparing  inbred  and  co-isogenic  stocks  of  a  series  of 
white-locus  alleles,  it  seemed  appropriate  to  attempt  to  repeat 
portions  of  the  work  of  Fuscaldo  and  McCarron  (1965,  1967)  as  a 
test  of  the  nature  of  the  alleles  used  and  the  co-isogenicity  of 
the  stocks. 


MATERIALS  AND  METHODS 


In  this  study  the  Ouchterlony  technique  approximately  as  used 
by  Fuscaldo  and  McCarron  was  also  supplemented  by  the  immunoel ectro- 
phoretic  process  to  further  test  the  variety  of  antigen-antibody 
relationships  in  the  system,  specifically,  among  co-isogenic  stocks 
based  on  an  Oregon-R  inbred  line  and  including  the  alleles  w+,  w, 
w a ,  wh .  Oregon  R  wild  type  flies  had  been  inbred  by  sib  paira 
mating  for  72  generations  before  use  in  this  experiment:  w,  w  , 
wh  flies  had  been  made  isogenic  with  the  inbred  Oregon  R  TOPI) 
background  by  backcrossing  to  the  inbred  Oregon  R  wild  type  stock 
for  51,  50,  and  50  generations  respectively.  The  whole 
genic  complement  should  be  ORI  for  all  four  stocks,  with  the  exception 
of  the  white  locus  substitutions. 

Flies  of  both  sexes  were  collected  and  starved  for  12  hours 
before  lyophil ization  to  eliminate  food  in  their  digestive  system. 
After  lyophil ization ,  the  flies  were  transferred  to  a  glass  tissue 
homogenizer  which  was  immersed  in  a  beaker  of  ice,  ground  for  10 
minutes  in  0.85%  NaCl ,  buffered  at  pH  7.4  with  0.005M  phosphate  to 
make  a  2%  (w/v)  homogenate.  The  entire  homogenate  was  used  to 
immunize  rabbits.  The  homogenate  was  centrifuged  at  lOOOg  for  15 
minutes  and  the  supernate  used  as  antigen  reacting  against  the 
anti  sera . 

Six  rabbits  were  immunized  intraperitoneal ly  on  days  1,  3,  5, 

12,  19,  33,  80  and  bled  from  the  ear  on  day  87.  The  freshly  drawn 
blood  stood  1  to  2  hours  at  about  25°C  and  12  to  24  hours  at  about  4°C 
to  allow  clot  formation  and  contraction.  After  being  twice  centri¬ 
fuged  at  lOOOg  for  30  minutes,  the  clear  antisera  were  stored  at 
-1 5°C . 


Ouchterlony  immunodiffusion  tests  were  accomplished  with  1% 
purified  Difco  Noble  agar  in  a  phosphate  buffer  saline  (pH  7.4) 
and  0.01°^  merthiolate.  Antigen  and  antiserum,  at  0.1  ml  each,  were 
allowed  to  diffuse  from  each  well  for  24  hours. 

For  immunoel ectrophoretic  tests,  to  remove  possible  impurities 
including  sulfur  which  is  responsible  for  the  el ectroendosmoti c 
effect.  Special  Noble  Agar  was  washed  in  6  changes  of  cold  distilled 
water  during  3  days,  then  washed  in  95%  ethanol,  filtered  and  air 
dried.  The  8  x  10  cm-plates  were  washed  in  boiling  detergent  solution, 
rinsed  in  distilled  water,  then  in  95%  ethanol,  air  dried,  painted 
with  a  thin  layer  of  0.2%  purified  agar  and  heated  at  100°C  for  5 
minutes.  Purified  agar  (1.5%)  in  barbital  buffer  (pH  8.2)  was  poured 
on  the  plates  to  a  1.3  mm  layer.  The  antigens  were  prepared  from 
homogenized  flies  in  0.85%  NaCl,  buffered  at  pH  8.2  with  Na-barbital 
and  HC1  for  a  2%(w/v)  homogenate.  The  Ouchterlony  test  antisera  plus 
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two  others  were  used.  Separation  of  8  yl  samples  of  antigen 
proceeded  for  one  hour  at  a  constant  current  which  offered  a  field 
strength  of  5v/cm.  Later,  the  antisera  troughs  were  cut  on  the 
plates  and  filled  with  specific  antiserum  (0.1  ml).  After  24 
hours  incubation  at  24°C,  the  plates  underwent  fixing  and  staining 
in  Buffalo  black-acetic  acid  (NBR  Biological  stain,  Allied  Chemical). 
The  plates  consistently  revealed  14-15  precipitation  arcs  between 
antigen  well  and  antiserum  trough. 

RESULTS  AND  DISCUSSION 


There  were  seven  to  eight  precipitation  lines  between  each 
antigen  and  antiserum.  The  fourth  precipitate  line  of  wa  was 
repeatedly  shown  displaced  inward  or  outward  compared  to  those  of 
w+  (ORI),  w,  and  wh  depending  upon  the  antiserum  used  (Table  1). 


TABLE  1 . 


Characteri sics  of  the  fourth  precipitate  line  formed  by 
antigens  from  different  stocks  with  corresponding  antisera. 


Antiserum 

Peri pheral 
antigens 

Normal 

Preci pitate 

Preci pi tate 

Di spl aced 
Preci pitate 

w-42-1 

+  a 

w  ,  w,  w  , 

h 

w 

+  h 

w  ,  w,  w 

wa  (outward) 

wa-86-3 

+  a 

w  ,  w,  w  , 

h 

w 

+  h 

w  ,  w,  w 

wa  (inward) 

wh-74-2 

+  a 

w  ,  w,  w  , 

h 

w 

+  h 

w  ,  w,  w 

wa  (outward) 

ORI -0-1 9 

+  a 

w  ,  w,  w  , 

h 

w 

+  ha 

w  ,  w,  w  ,  w 

none 

The  tests  were  run  twice,  each  time  in  duplicate  plates.  The  results 
from  all  four  experiments  were  identical. 
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The  displacement  appeared  to  be  correlated  with  the  mutant  site 
of  the  allele  used  as  antigen,  as  shown  in  Fig.  1,  wa  (site  3) 
caused  inward  displacement;  w  ,  w  (site  4)  the  reverse.  The  latter 
partially  confirmed  Fuscaldo  and  McCarron's  work  (1965,  1967). 


Fi gure  1 .  Typical  Ouchterlony  agar  diffusion  plate.  Central 
well:  antiserum  (in  this  plate,  wa-86-3).  Peripheral 
wells:  antigens  as  marked.  The  arrow  points  out  the 
displaced  precipitation  line. 


91 


In  the  immunoelectrophoresis  plates,  each  of  the  six  antisera 
has  its  own  specific  precipitation  pattern  which  remained  the  same 


Antisera 

w-62-l 

wa-86-3 

wh-74-2 

0RI-0-I9 

w-62-l 

wa-86-3 

0RI-0-I9 

wh-74-2 

w-62-l 


Figure  2.  Typical  immunoelectrophoresis  plate.  Antisera  in 
the  troughs  and  antigens  in  the  wells,  as  marked. 
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with  different  antigens  (Fig.  2).  Two  sets  of  antisera  which  were 
immunized  against  the  same  antigen  behaved  differently  from  each 
other  just  as  noted  with  any  two  of  the  six  antisera  immunized 
from  different  antigens.  This  finding  might  imply  that  each  rabbit 
became  partially  immune  to  only  a  portion  of  antigenic  material 
and  that  none  of  the  six  animals  produced  any  antibody  that  could 
detect  differences  among  the  four  lines. 

Thus,  the  immunoel ectrophoreti c  analysis  did  not  appear  to 
demonstrate  any  qualitative  antigenic  differences  among  0RI-w+ 
w,  wa,  and  w*1  co-isogenic  lines.  VJe  do  not  understand  the  apparent 
discrepancy  between  the  immunodiffusion  and  immunoel ectrophoretic 
results.  It  seems  likely  that  the  electrophoretic  separation  may 
have  removed  the  possibility  of  some  interaction  of  components 
that  led  to  the  displacement  of  the  4th  precipitate  line  of  wa 
in  the  Ouchterlony  plates.  Because  the  only  apparent  differences 
between  the  co-isogenic  lines  paralleled  those  predicted  from 
Fuscaldo's  results,  we  conclude  that  the  backcrossing  had  indeed 
made  the  lines  similar  in  genetic  background  to  the  limits  of 
the  sensitivity  of  these  procedures. 
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ABSTRACT 

The  adsorption  of  acetic  and  propionic 
acids  from  carbon  tetrachloride  solutions  by 
solid  metal  complexes  has  been  studied.  For 
all  the  complexes  studied,  adsorption  of  acetic 
acid  occurs  to  a  greater  extent  than  does  that 
of  propionic  acid,  the  ratio  being  from  1.7  to 
16  depending  on  the  metal  complex.  In  general, 
the  greater  the  total  number  of  ions  in  the 
complex,  the  higher  the  ratio  of  acetic  to 
propionic  acid  adsorbed.  The  amount  of  butanoic 
acid  adsorbed  was  found  to  be  negligible  in  all 
cases.  Adsorption  of  acetic  acid  by  K3[Fe(CN)g] 
and  K^[Fe(CN)g]  was  found  to  obey  the  Langmuir 
isotherm. 


INTRODUCTION 


Classical  adsorption  studies  have  long  been  a  part  of 
physical  chemistry.  The  theory  of  adsorption  has  been 
treated  extensively  (Young  and  Crowell,  1962;  Adamson,  1960, 
and  Somorjai,  1971),  and  will  not  be  reviewed  here. 
Adsorption  of  gases  by  solids,  including  metals,  is 
important  in  heterogeneous  catalytic  processes  (Bond,  1962; 
Thomas  and  Thomas,  1967).  Also  adsorption  processes  are 
of  importance  in  chromatographic  techniques  (Karger,  Snyder, 
and  Horvath,  197  3)  . 

In  view  of  the  considerable  practical  application  of 
adsorption  processes,  it  is  not  surprising  that  a  large 
body  of  literature  exists  on  the  subject.  Adsorbents 
like  metals,  alumina,  quartz,  magnesia,  titanium  dioxide, 
silica  gel,  charcoal,  cellulose,  and  graphite  have  been 
extensively  studied,  as  have  been  many  simple  inorganic 
salts.  It  is  somewhat  surprising  that  there  appears  to 
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have  been  no  utilization  of  solid  transition  metal  complexes 
as  adsorbents  for  organic  compounds  from  solutions.  Here  we 
describe  the  results  of  a  study  of  that  type. 


EXPERIMENTAL 

Solutions  were  prepared  using  reagent  grade  acetic, 
propanoic,  and  butanoic  acids  in  carbon  tetrachloride. 
Potassium  hexacyanoferrate  (II)  ,  potassium  hexacyano- 
ferrate (III ) ,  hexaaquocobalt (II )  chloride,  and  sodium 
trisoxalatof errate (III )  were  reagent  grade  commercial 
materials.  Other  solid  complexes  used  were  prepared  by 
standard  procedures.  Prior  to  use,  each  solid  was 
screened  through  a  standard  sieve  to  insure  that  the 
particle  size  was  uniformly  below  106  microns  (0.0041  in.). 

The  1.00  gram  samples  of  the  solid  complexes  were 
allowed  to  stand  in  contact  with  100  ml  of  the  carboxylic 
acid  solutions  for  24  hrs.  Solutions  were  maintained  at 
25  °C  and  were  agitated  to  assure  equilibrium.  After 
standing  for  the  desired  time,  the  solid  complex  was 
removed  by  filtration  and  the  concentration  of  the  acid 
remaining  in  the  solution  was  determined  by  heterogeneous 
phase  titration  of  three  25  ml  aliquots  of  each  solution 
using  standard  base.  Mixing  time  and  speed  were  uniform 
for  all  titrated  samples.  The  amount  of  acid  adsorbed 
by  each  solid  complex  was  thus  determined. 


RESULTS 


Early  in  this  work  it  became  apparent  that  the  amount 
of  acetic  acid  adsorbed  per  gram  of  complex  was  dependent 
on  the  concentration  of  the  acetic  acid  solution.  To 
study  this  behavior,  adsorption  by  four  of  the  complexes. 
K4 [Fe (CN) g] -H20,  K3[Fe(CN)6],  Na3 [Fe (C2O4 ) 3 ] • 2H2O ,  and 
[Co(NH3)6]  (N03)3,  was  studied  as  a  function  of  the 
concentration  of  the  acid  solution.  Acid  solutions 
from  0.01  M  to  0.1  M  were  used.  The  results  of  these 
studies  are  shown  in  Table  1.  This  table  also  shows  the 
adsorption  data  for  some  other  complexes  which  were 
studied  at  only  one  initial  acid  concentration.  Two  of 
the  compounds,  Na3 [Co  (NO2 ) 6 ]  and  [Co (NH3 ) 3 (NO2 ) 3 ]  ,  were 
dried  at  110°  for  one  hour  and  then  used  directly.  The 
amount  of  acetic  acid  adsorbed  was  found  to  be  within 
experimental  error  of  that  adsorbed  by  the  original 
complex . 

Table  2  shows  the  adsorption  data  for  propionic 
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Table  1,  Adsorption  of  acetic  acid  from  CC14  at  25  °C. 


Adsorbent 
K4[Fe  (CN) 6 ] *3H20 

K3[Fe  (CN) 6 ] 

Na3 [Fe (C2O4) 3] *2H20 

[Co(NH3)6]  (no3)3 

[co(h2o)6]ci2 

K4[Ni(N02)6] -H20 
Na3[Co(N02)6] 

[co(nh3)3(no2)3] 


Molar 

Acid 

105 

x  Moles 

Concentration 

Adsorbed  per 

Initial 

Equilibrium 

Gram 

of  Complex 

0.0101 

0,00920 

9.0 

0.0496 

0.0483 

13.0 

0.0985 

0.0975 

9.9 

0.0101 

0.00943 

6.7 

0.0496 

0.0488 

7.9 

0.0985 

0.0980 

5.5 

0.00941 

0.00935 

0.60 

0.0487 

0.0469 

18.0 

0.0975 

0.0973 

2.4 

0.0114 

0.0112 

2.0 

0.0445 

0.0439 

5.2 

0.0895 

0.0893 

2.1 

0.0489 

0.0483 

6.1 

0.0489 

0.0479 

11.0 

0.0445 

0.0427 

18.0 

0.0489 

0.0475 

14.0 

0.0455 

0.0438 

7.2 

0.0489 

0.0481 

7.9 

Table  2 . 


Adsorption  of  propionic  acid  from  CC14  at  25 


Adsorbent 


Equilibrium 
Concentration 
of  Acid,  M 


10^  x  Moles 
of  Acid 
per  Gram 
of  Complex 


Adsorbed 
Acid  Ratio 
Acetic 
Propionic 


K3[Fe  (CN) 6] 

K4 [Fe (CN) g ] *3H20 
Na3 [Co (N02 ) 6 ] 
[Co(NH3)3(N02)3] 

Na3 [Fe (C204) 3] • 2H20 


0.04642 

3.8 

0.04672 

0.80 

0.04656 

2.4 

0.04637 

4.3 

0.04647 

3.3 

2.1 

16.7 

6.7 

1.7 
5.5 


*Initial  concentration  0.04681  M 


in  all  cases. 
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acid  solutions  with  the  solid  metal  complexes.  Although 
attempts  to  study  the  adsorption  of  butanoic  acid  were 
made,  the  adsorption  occured  to  such  a  slight  extent 
that  reproducible  data  could  not  be  obtained. 

In  all  the  cases  where  the  effect  of  acid  concentration 
was  studied,  within  the  range  of  acetic  acid  concentration 
from  0.01  to  0.1  M,  the  amount  of  acid  adsorbed  was 
greatest  at  the  concentration  of  0.05  M.  These  results 
may  be  explained  by  the  fact  that  the  dimerization  of 
acetic  acid, 

2  ch3cooh(so1v)  [CH3C00H]2(solv) 

is  concentration  dependent  and  that  it  is  the  monomer 
which  is  adsorbed  on  the  solid  complexes.  It  is  plausible 
to  expect  the  monomer  to  be  the  major  species  adsorbed 
owing  to  the  polarity  of  the  free  carboxyl  group.  At  a 
concentration  of  0.01  M,  there  is  simply  too  little  acid 
present  and  at  0.1  M,  dimerization  ties  up  most  of  the 
acid  so  that  the  effective  monomer  concentration  is  not 
increased.  Of  course,  the  effects  of  solvation  on  the 
monomer-dimer  equilibrium  are  sizeable  as  well  (Joesten 
and  Schaad,  1974;  Fletcher,  1971).  For  example,  alcohols 
undergo  much  greater  self  association  in  n-decane  than 
they  do  in  CCI4  because  of  the  greater  tendency  of  CCI4 
to  solvate  polar  OH  groups  and  prevent  association 
(Fletcher  and  Heller,  1967)  .  For  the  same  reason,  benzoic 
acid  has  a  smaller  heat  of  dimerization  in  benzene  than  it 
does  in  cyclohexane. 

A  second  observation  is  that  in  every  case  where  a 
comparison  of  the  adsorption  of  acetic  and  propionic 
acids  by  the  same  solid  complex  can  be  made,  a  considerably 
greater  amount  of  acetic  acid  is  adsorbed  per  gram  of 
complex.  In  all  cases  where  adsorption  of  butanoic  acid 
was  attempted,  the  amount  adsorbed  was  so  small  that  for 
all  practical  purposes  it  appeared  that  none  was  adsorbed. 

The  complexes  used  were  K3[Fe(CN)g],  K*[Fe(CN)g], 

Na3 [Co (NO2) 6 ] ,  and  [Co (NH3 ) 3 (NO2 ) 3 ] .  From  these  obervations , 
it  is  apparent  that  with  regard  to  the  adsorption  on  solid 
metal  complexes  the  behavior  of  carboxylic  acids  is  acetic 
>  propionic  >  butanoic  4^4  0.  However,  all  these  acids  have 
about  the  same  tendency  to  dimerize  in  the  gas  phase 
so  that  different  extent  of  dimerization  does  not  seem  to 
be  a  factor  (Joesten  and  Schaad,  1974). 

In  the  case  of  K^[Fe(CN)g]  as  the  adsorbent,  about  16 
times  as  much  acetic  acid  is  adsorbed  per  gram  of  complex 
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as  is  propionic  acid.  In  the  case  of  [Co  (NH3) 3 (N02 ) 3] , 
only  about  1,7  times  as  much  acetic  acid  is  adsorbed. 

Part  of  this  difference  may  be  due  to  the  fact  that  the 
two  acids  were  used  at  slightly  different  initial 
concentrations.  However,  if  the  data  for  K3[Fe(CN)g] 
are  ignored  for  the  moment,  it  is  apparent  that  the  ratio 
of  the  amount  of  acetic  acid  adsorbed  to  that  of  propionic 
acid  per  gram  of  complex  increases  approximately  as  the 
square  of  the  number  of  ionic  charges  present.  Thus,  the 
nonionic  [Co (NH3 ) 3 (NO2 ) 3]  does  not  discriminate  acetic  and 
propionic  acids  to  nearly  as  great  an  extent  as  does  the 
compound  K^FeCCNjg]  which  contains  a  total  of  eight  ionic 
charges.  This  pattern  would  lead  one  to  expect  that  the 
compounds  Na3 [Fe (C2O4 ) 3 ] ,  Na3 [Co (NO2 ) 6 ] ,  and  K3[Fe(CN)g] 
should  yield  an  acetic/propionic  ratio  which  is  intermediate 
between  the  values  obtained  for  K4[Fe(CN)g]  and 
[Co  (NH3)  3  (NC>2 )  3 ]  .  This  is,  in  fact,  observed  for  these 
three  complexes.  However,  the  acetic/propionic  adsorption 
ratio  for  ^[FetCNjg]  is  considerably  lower  than  that  for 
Na3  [Co  (NC>2 )  5  ]  and  Na3  [Fe  (C2O4 )  3 ]  .  We  have  no  explanation 
for  this  observation;  however,  it  does  not  alter  the 
conclusion  that  solid  complexes  having  larger  numbers  of 
ions  exhibit  a  greater  preference  for  adsorbing  acetic  acid 
than  propionic  acid.  The  effect  of  the  water  of  hydration 
in  some  of  these  complexes  appears  slight.  Comparison  of 
the  adsorption  data  for  K4 [Fe (CN) ^ ] • 3H2O  and 
Na3 [Fe (C2O4) 3] • 2H2O  shows  a  great  difference  in  adsorption 
even  though  both  are  hydrates.  There  are  six  molecules  of 
water  in  [C o(H20) 5 ] CI2 /  but  the  complex  by  no  means  adsorbs 
the  most  acetic  acid. 

The  Langmuir  isotherm  can  be  written  as  (Langmuir, 

1916,  1918) 


N  _  kc 
%  “  1  +  kc 

Where  N  is  the  number  of  moles  adsorbed  per  gram  of  solid 
at  an  equilibrium  solute  concentration,  c;  is  the  number 
of  moles  required  to  form  a  monolayer;  and  k  is  a  constant. 
Rearranging  the  equation,  one  obtains 

^  =  lM  + 

This  equation  indicates  that  the  rate  of  desorption  and 
adsorption  are  equal  at  equilibrium,  and  it  applies  to 
cases  where  chemisorption  of  a  monolayer  is  the  dominant 
process.  If  the  Langmuir  isotherm  adequately  describes 
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the  adsorption  process  in  a  certain  system,  a  plot  of  c/N 
versus  c  should  give  a  straight  line. 

Figure  1  shows  a  Langmuir  isotherm  plot  for  the 
adsorption  of  acetic  acid  by  K^[Fe(CN)g]  and  K^tFeCCN)^]. 
The  fit  of  the  data  to  these  linear  plots  is  reasonable, 
the  correlation  coefficients  being  0.986  and  0.985, 
respectively.  Data  for  Na^ [Fe  (C2O4 ) 3 ]  and  [Co (NHo ) r ]  (NO3 ) 3 
do  not  provide  as  nearly  linear  relationships.  Although 
the  fit  is  not  perfect,  it  appears  that  K^[Fe(CN)g]  and 
K3[Fe(CN)g]  adsorbing  acetic  acid  are  adequately  described 
by  the  Langmuir  isotherm.  Using  slopes  of  the  lines 
determined  by  means  of  a  least  squares  routine,  the  values 
of  obtained  for  K4[Fe(CN)g]  and  I^tFeCCN)^]  are 
9.9  x  10“5  and  5.3  x  10“5  mole/gram,  respectively.  Thus, 
at  equilibrium  the  molar  ratios  of  complex  to  amount  of 
acetic  acid  adsorbed  are  28  and  59  for  K4[Fe(CN)g]  and 
K3[Fe(CN)6],  respectively.  These  values  indicate  that 
K4[Fe(CN)g]  is  a  better  adsorbent  than  I^tFeCCN)^]  for 
acetic  acid. 

We  are  currently  investigating  the  adsorption  of 
other  organic  solutes  on  solid  metal  complexes.  In  these 
studies,  the  relationship  between  number  and  type  of  ions 
present  and  the  degree  of  adsorption  is  being  investigated. 
We  are  also  attempting  to  determine  heats  of  adsorption 
for  some  of  these  systems. 


CONCENTRATION,  M 

Figure  1.  Langmuir  plot  for  adsorption  of  acetic  acid  by 
K3  [Fe  (CN)  6  ]  (A)  and  K4  [Fe  (CN)  6]  (B)  . 


100 


LITERATURE  CITED 


ADAMSON,  A.  W.  ,  1960.  Physical  Chemistry  of  Surfaces. 
Wiley-Interscience ,  New  York. 

BOND,  G.  C.,  1962.  Catalysis  by  Metals.  Academic  Press, 
New  York. 


FLETCHER,  A.  N.,  1971.  Self  Association  of  Methanol  Vapor. 
Evidence  for  Dimers  and  Tetramers.  J.  Phys .  Chem. , 

75,  1808. 

FLETCHER,  A.  N.,  and  C.  A.  Heller,  1967.  Self  Association 
of  Alcohols  in  Nonpolar  Solvents.  J.  Phys.  Chem., 

71_,  3742  . 

JOESTEN,  M.  D.,  and  L.  J.  Schaad ,  1974.  Hydrogen  Bonding. 
Marcel  Dekker,  New  York. 


KARGER,  B.  L.,  L.  R.  Snyder,  and  C.  Horvath,  1973.  An 

Introduction  to  Separation  Science.  Wiley,  New  York. 

LANGMUIR,  I.,  1916.  Constitution  and  Fundamental  Properties 

of  Solids  and  Liquids.  I.  Solids.  J.  Amer.  Chem.  Soc., 
38,  2221. 

LANGMUIR,  I.,  1918.  The  Adsorption  of  Gases  on  Plane  Surfaces 
of  Glass,  Mica,  and  Platinum.  J.  Amer.  Chem.  Soc., 

£0,  1361. 

SOMORJAI ,  G.  A.,  1972.  Principles  of  Surface  Chemistry. 
Prentice-Hall,  Englewood  Cliffs. 

THOMAS,  W.  J.,  and  J.  M.  Thomas,  1967.  Introduction  to  the 
Principles  of  Heterogeneous  Catalysis.  Academic  Press, 
New  York. 


YOUNG,  D.  M. ,  and  A.  D.  Crowell,  1962. 
of  Gases.  Butterworths ,  London. 


Physical  Adsorption 


101 


TRANSACTIONS,  ILL.  STATE  ACAD.  SCI. 

Vol .  71  ,  No.  1  (1978) 


PRODUCT  DISTRIBUTIONS  IN  THE 
ETHYLLITHIUM-GERMANIUM  TETRACHLORIDE  REACTION 
Blaise  J.  Arena  and  P.  S.  Poskozim 

Chemistry  Department 
Northeastern  Illinois  University 
Chicago,  Illinois  60625 

ABSTRACT 


Results  are  presented  of  a  gas  chromatographic 
product  distribution  analysis  of  the  reaction 
between  ethyl  lithium  and  germanium  tetrachloride. 

These  results  indicate  that  the  reaction  does  not 
proceed  in  a  stepwise  manner.  An  alternate 
rationalization  involving  "concerted"  reaction 
between  germanium  tetrachloride  and  ethyl! ithi um 
hexamer  is  offered. 

The  use  of  organol ithium  reagents  is  common  in  chemistry.  How¬ 
ever,  there  seems  to  be  a  general  lack  of  quantitative  data  regard¬ 
ing  product  distributions  in  RLi  substitution  reactions,  especially 
at  low  reactant  ratios.  The  reaction  between  ethyl  lithium  (EtLi) 
and  germanium  tetrachloride  (GeCl^)  produces  a  wide  range  of 
organo  and  organochloro-germanes  (eq.l). 

GeCl^  +  EtLi — >EtGeCl^  +  Et^GeC^  +  Et^GeCl 

+  Et4Ge  +  Et6Ge2  +  Li  Cl  O) 

Any  discussion  of  this  reaction  has  generally  assumed  a  stepwise 
mechanism  (eq.2). 

GeCl4  EtGeClj  ^->  Et2GeCl2  Et,GeCl  Et4Ge  (2) 

2  3  4 


102 


However,  there  seems  to  be  no  experimental  evidence  to  support 
this  assumption.  In  hopes  of  providing  some  clarification  of  this 
situation,  we  wish  to  report  product  distribution  data  for  this 
reaction. 

A  series  of  reactions  between  EtLi  and  GeCl^  in  benzene  was 
run.  A  solution  of  EtLi  in  benzene  was  added  dropwise  at  a  con¬ 
stant  temperature  of  28°C  to  a  vigorously  agitated  benzene  solu¬ 
tion  of  GeCl^.  Reaction  time  was  one  hour.  The  degree  of  agita¬ 
tion  was  more  than  sufficient  to  cause  immediate  dispersal  of  each 
EtLi  solution  drop.  Experimental  conditions  were  constant  for  the 
series  except  for  reactant  ratio  which  was  varied  from  0.5:1 
EtLi : GeCl ^  to  7:1  mole  ratio.  The  product  distribution  analysis 
was  done  for  each  reaction  using  a  gas  chromatographic  method. 

Due  to  the  highly  reactive  nature  of  EtGeCl^,  difficulties  were 
experienced  in  its  analysis  and  only  rough  estimates  were  possible. 
These  estimates  indicate  that  the  yield  of  EtGeCl^  did  not  exceed 
that  of  Et^GeC^-  The  product  distributions  for  the  series  of 
reactions  between  EtLi  and  GeCl^  in  benzene  are  presented  in  Fig.  1. 

All  experimental  parameters,  solution  concentration,  degree  of 
agitation,  rate  of  EtLi  addition,  were  aimed  at  facilitating  the 
formation  of  the  least  substituted  products.  Reaction  conditions 
were  such  as  to  create  a  very  high  degree  of  competition  between 
molecules  of  GeCl^  for  available  EtLi.  In  light  of  this,  it  is 
notable  that  in  benzene,  Et^GeCl  is  the  preferred  reaction  product 
at  all  reactant  ratios  of  less  than  3:1,  even  as  low  as  0.5:1.  At 
higher  ratios  as  expected  Et^Ge  becomes  the  major  product. 

Assuming  that  the  reaction  does  proceed  in  a  stepwise  fashion 
(eq.2)  then  a  possible  explanation  of  these  results  might  be  that 
» ( k ^ ,  k^,  k^)  or  simply  that  stirring  was  insufficient  to  pre¬ 
vent  formation  of  more  highly  substituted  products. 

In  order  to  test  these  possibilities,  EtLi  was  treated  with 
EtGeCl^  (rather  than  GeCl^)  under  conditions  identical  to  those 
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described  above.  Reactions  were  carried  out  at  three  ratios: 

0.7,  1.5  and  2.1:1.  It  was  found  that  at  all  three  ratios, 

Et^GeCl^  is  the  major  product,  and  that  yield  of  Et^GeCl  is  far 
less  than  that  observed  in  the  GeCl^-EtLi  reaction.  Thus,  neither 
EtGeCl^  or  Et^GeC^  are  naturally  predisposed  to  proceed  further 
to  Et^GeCl .  The  idea  of  (k^ ,k^ ,k^)  is  not  consistent  with 

these  results.  Also,  experimental  conditions  (i.e.,  rate  and 
order  of  EtLi  addition,  agitation)  are  demonstrated  to  be  effec¬ 
tive  in  preventing  formation  of  more  highly  substituted  products. 
This  strongly  suggests  that  a  simple  stepwise  substitution  mech¬ 
anism  with  EtGeCl^  and/or  Et^GeCl.-,  as  precursors  to  Et^GeCl  is 
not  the  predominant  route  to  Et^GeCl  in  the  GeCl^-EtLi  reaction. 

It  is  well  established  that  ethyl  lithium  exists  as  a  hexamer 
in  benzene  with  slight  dissociation  to  the  monomer  (Brown,  Dicker- 
hoof,  and  Bafus,  1962).  Examination  of  the  EtLi  hexamer  shows 
two  sets  of  three  ethyl  groups  with  each  set  in  a  trigonal  arrange¬ 
ment.  The  possibility  of  three  ethyl  groups  from  the  hexamer 
simultaneously  (in  effect)  exchanging  with  three  chlorines  from 
GeCl^  presents  itself.  This  idea  is  structurally  reasonable  (i.e., 
the  arrangement  of  ethyl  groups  and  chlorines  is  similar  as  are 
the  dimensions  of  the  EtLi  hexamer  and  the  GeCl^  tetrahedron)  and 
is  consistent  with  the  observed  preferential  formation  of  Et^GeCl 
at  low  reactant  ratios  (see  fig. 2). 

If  the  idea  of  reaction  with  EtLi  oligomer  (rather  than  monomer) 
is  assumed  to  be  valid,  then  changing  the  nature  of  EtLi  from  hex¬ 
amer  to  tetramer  should  effect  some  change  in  preferred  reaction 
product.  This  is  found  to  be  true. 

EtLi  is  tetrameric  in  tetrahydrofuran  (THF)  (Brown,  1965). 

Using  the  previously  described  procedure,  reactions  between  EtLi 
in  benzene/THF  and  GeCl^  in  THF  were  run  at  0.5,  1.5  and  2.5:1 
ratios.  Although  lower  overall  yields  were  observed,  Et^GeC^ 
was  found  to  be  the  preferred  product  at  all  three  ratios. 
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The  EtLi  tetramer  is  a  cube  with  ethyl  groups  at  opposing  cor¬ 
ners  (Brown,  1965).  Again,  if  the  idea  of  a  "concerted"  reaction 

is  acceptable  here,  then  exchange  of  two  ethyl  groups  is  the  most 

★ 

structurally  reasonable  possibility. 

Experimental  data  have  been  presented  which  strongly  indicate 
that  the  GeCl^-EtLi  reaction  in  benzene  does  not  adhere  to  its 
traditional  conception  as  a  classical  stepwise  substitution  reac¬ 
tion.  Thus  alternate  rationalization  seems  to  be  warranted.  We 
submit  that  "concerted"  reaction  between  GeCl^  and  EtLi  oligomer, 
although  provocative,  is  a  statistically  (i.e.  GeCl^  collision  with 
EtLi  hexamer  is  more  likely  than  collision  with  monomer)  and  struc¬ 
turally  reasonable  hypothesis  which  is  consistent  with  the  results 
described  here. 


*Following  this  hypothesis,  one  referee  questioned  why  Et.Ge  was 
not  the  major  product  in  the  reactions  of  EtGeCl-  and  EtLi 
hexamer  listed  above.  For  Et-Ge  to  form,  the  EtbeCK  tetrahedron 
must  be  oriented  with  ethyl  group  pointing  away  fronrthe  EtLi 
hexamer,  statistically  only  a  one-in-four  possibility. 
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Fig.  2.  Illustration  of  proposed  mode  of 
reaction  between  EtLi  hexamer  and  GeCl^ 
tetrahedron . 
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VASCULAR  FLORA  OF  HILLSIDE  SEEPS  IN  EAST -CENTRAL  ILLINOIS 
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ABSTRACT:  -  The  vascular  flora  of  seven  hillside  seeps 
in  east-central  Illinois  were  studied  during  the  growing 
season  of  1977.  A  total  of  95  species  of  plants  were 
found  associated  with  these  areas,  and  their  abundance 
determined.  Some  of  the  taxa  found  are  extremely  uncom¬ 
mon  in  east-central  Illinois.  For  the  most  part  these 
taxa  are  relict  species  that  have  northern  affinities. 

INTRODUCTION 


Hillside  seeps  are  relatively  uncommon  habitats  in  east-central 
Illinois.  These  areas,  which  are  usually  less  than  one-half  acre  in  size, 
occur  on  hillsides  and  are  associated  with  morainal  deposits.  They  usually 
result  from  seepage  water  that  accumulates  in  bands  of  sand  and  gravel  that 
is  carried  to  the  outlet  area  forming  a  distinct  seepline.  The  resulting 
seep  forms  a  habitat  in  which  some  plants  occur  that  are  rare  to  this  part 
of  the  state.  The  reason  for  this  rare  plant  community  is  that  the  seep 
water  is  slightly  alkaline  and  fairly  cool  (Parker  and  Ebinger,  1971) . 

One  seep  community  in  east-central  Illinois  was  studied  by  Phipps  and 
Speer  (1958)  who  found  a  number  of  new  plant  records  for  Coles  County, 
Illinois.  This  same  area  was  studied  in  more  detail  by  Parker  and  Ebinger 
(1971)  who  distinguished  various  plant  communities  based  on  shading  and 
variation  in  moisture.  The  present  study  is  aimed  at  determining  the  flor¬ 
ist  ic  composition  and  the  abundance  of  the  taxa  at  a  number  of  these  unique 
habitats  in  central  Illinois.  Because  all  of  these  seeps  have  a  constant 
flow  of  slightly  alkaline,  cool  water  it  was  believed  that  many  plants 
would  be  common  to  all  areas,  and  that  the  flora  would  be  relatively  similar. 

METHOD  OF  STUDY 

Each  of  the  seven  hillside  seeps  was  examined  four  times  during  the 
growing  season  of  1977  and  the  species  of  plants  found  and  their  abundance 
recorded.  The  abundance  was  decided  by  using  the  procedure  outlined  by 
Acocks  (1953)  in  which  the  mean  distance  of  a  taxon  was  determined  after  a 
series  of  measurements  were  made  between  individuals  of  the  same  species. 

The  species  abundance  class  was  then  determined  by  using  the  scale  at  the 
top  of  Table  1.  In  this  scale  the  letter  "L"  is  used  before  the  abundance 
class  designation  to  indicate  local  abundance.  This  letter  means  that  the 
species  was  found  in  one  small,  localized  area  of  the  seep,  and  its  abundance 
in  this  area  is  indicated  by  the  subsequent  letters.  Voucher  specimens  of 
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all  species  found  are  deposited  in  the  Stover  Herbarium  of  Eastern 
Illinois  University  (EIU)  while  the  taxonomic  nomenclature  used  follows 
that  of  Mohlenbrock  (1975). 

DESCRIPTION  AND  LOCATION  OF  SEEPS 


The  location  of  each  of  the  hillside  seeps  studied  is  given  below 
along  with  its  size,  the  type  of  vegetation  surrounding  the  seep,  and 
the  species  of  woody  plants  growing  within  the  seep  area. 

Area  1.  This  heavily  shaded  seep  is  located  on  a  gently  sloping  north¬ 
facing  hillside  at  Walnut  Point  State  park  in  Douglas  County  (NW%  Sect.  1 
RlOE  T14N).  The  seep  is  196  ft  long  with  a  maximum  width  of  33  ft.  It 
is  surrounded  by  forest  which  is  dominated  by  Acer  saccharum  Marsh., 
Sassafras  albidum  (Nutt.)  Nees . ,  Carya  cordiformis  (Wang.)  K.  Koch., 

Tilia  americana  L. ,  and  Fraxinus  americana  L.  Woody  plants  found  in  the 
seep  include  a  few  small  individuals  of  Celtis  occidentalis  L.,  Acer 
saccharum,  Tilia  americana ,  Cercis  canadensis  L. ,  and  Sambucus  canadensis  L. 

Area  2_.  This  heavily  shaded  seep  is  located  on  a  gently  sloping  west¬ 
facing  hillside  about  5  miles  east  of  Charleston  in  Coles  County  (SW% 

Sect.  4  RlOW  T12N) .  It  is  125  ft  long  by  16  ft  wide,  and  is  the  shaded 
zone  of  the  grazed  marsh  studied  by  Parker  and  Ebinger  (1971).  Many 
individauls  of  Quercus  alba  L.  surround  the  area,  and  no  woody  plants 
are  in  the  seep. 

Area  _3.  This  partially  shaded  seep  is  located  on  a  gently  sloping  south¬ 
facing  hillside  near  Peppermill  Creek,  six  miles  west  of  Ramsey  in  Fayette 
County  (SE%  Sect.  20  R2E  T8N) .  The  seep  area  is  about  110  ft  long,  has  a 
maximum  width  of  26  ft  and  is  heavily  grazed.  It  is  surrounded  by  scat¬ 
tered  individuals  of  Quercus  a lba ,  Platanus  occidentalis  L.,  Populus 
deltoides  Marsh.,  and  Ulmus  rubra  Muhl.  A  few  small  trees  of  Ulmus 
americana  L.  grow  in  the  seep. 

Area  4.  This  partially  shaded  seep  is  located  on  a  gently  sloping 
southeast-facing  hillside  one  mile  northeast  of  Collison  in  Vermilion 
County  (NW%  Sect.  35  R13W  T21N) .  The  seep  is  triangular  in  shape,  about 
75  ft  long,  with  a  maximum  width  of  55  ft,  and  drains  into  an  extensive 
marshy  area  along  Collison  Creek.  The  west  edge  of  the  seep  is  shaded  by 
a  hillside  forest  dominated  by  Acer  saccharum,  Fraxinus  americana,  and 
Quercus  rubra  L.  A  few  individuals  of  Salix  discolor  Muhl.,  S_.  nigra 
Marsh.,  and  Ulmus  rubra  occur  in  the  seep  area. 

Area  5>.  This  seep  is  located  on  an  open,  gently  sloping  northeast-facing 
hillside  at  Forest  Glen  Preserve  in  Vermilion  County  (NW%  Sect.  24  RllW 
T18N) .  It  is  the  largest  of  the  seep  areas  studied,  being  220  ft  long, 
and  with  a  maximum  width  of  165  ft.  The  south  and  west  edges  of  the  seep 
are  partially  shaded  by  a  hillside  forest  dominated  by  Acer  saccharum, 
Quercus  rubra ,  Q.  velutina  L. ,  Tilia  americana ,  and  Carya  cordiformis . 

Woody  plants  in  the  seep  include  a  few  individuals  of  Carpinus  caroliniana 
Walt . ,  Hydrangea  arborescens  L. ,  Rosa  multiflora  Thunb . ,  Salix  discolor, 
Sambucus  canadens is ,  Ulmus  americana ,  and  U.  rubra. 

Area  6.  This  seep  is  located  on  an  open,  relatively  steep,  east-facing 
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hillside  near  Peppermill  Creek,  six  miles  west  of  Ramsey  in  Fayette 
County  (SE%  Sect.  20  R2E  T8N) .  The  seep  is  about  92  ft  long,  44  ft  wide, 
and  is  surrounded  by  a  grazed  pasture  with  a  few  scattered  trees  of 
Gleditsia  tr iacanthos  L. ,  Juglans  nigra  L. ,  and  Ulmus  rubra .  A  few  small 
individuals  of  Salix  interior  Rowlee.,  Ulmus  americana ,  and  U.  rubra 
occur  in  the  seep. 

Area  1_.  This  seep  is  located  on  an  open,  gently  sloping  northwest¬ 
facing  hillside  about  five  miles  east  of  Charleston  in  Coles  County 
(SW%  Sect.  4  RlOW  Tl2N) .  It  is  about  201  ft  long,  has  a  maximum  width 
of  81  ft,  and  is  the  high,  open  zone  of  the  diverse  marsh  area  studied 
by  Parker  and  Ebinger  (1971).  To  the  southeast  of  the  seep  is  a  steep 
hillside  dominated  by  Acer  saccharum,  Quercus  rubra ,  Carya  ovata  (Mill.) 
K.  Koch.,  and  Ostrya  virginiana  (Mill.)  K.  Koch.  Numerous  individuals 
of  Salix  discolor  are  found  in  the  seep  along  with  scattered  specimens 
of  S.  rigida  Muhl.,  and  Ulmus  americana ,  and  one  clump  of  Toxicodendron 
vernix  (L.)  Kuntze. 


RESULTS  AND  DISCUSSION 

A  total  of  95  species  of  herbaceous  vascular  plants  were  found  in 
the  seep  areas.  These  taxa  along  with  their  abundance  classes  in  the 
seven  seeps  are  included  in  Tabel  1.  In  this  table  the  abundance  class 
of  the  68  most  important  species  is  listed  for  each  seep  in  which  the 
taxon  was  found.  In  a  note  at  the  end  of  Table  1  the  27  taxa  that  were 
observed  in  very  low  abundance  are  listed. 

Of  the  species  listed  in  Table  1,  eight  were  found  in  all  of  the 
seeps  examined  while  nine  others  occurred  in  all  but  one  of  the  seep 
areas.  Of  these  species  Glyceria  striata ,  Impatiens  biflora ,  and  Pilea 
pumila  usually  occur  in  the  higher  abundance  classes  and  commonly  are 
the  dominant  vegetation.  The  remaining  species  of  this  group,  though 
observed  in  nearly  all  of  the  seeps,  are  in  the  low  abundance  classes, 
being  scattered,  or  in  localized  areas.  Though  these  taxa  occur  in  the 
lower  abundance  classes,  they  form  an  important  component  of  the  seep 
community.  Also,  a  few  of  these  species  are  rarely  encountered  in  east- 
central  Illinois,  being  restricted  to  this  type  of  habitat.  Included  in 
this  group  are  Caltha  palus tris ,  Pedicularis  lanceola ta ,  and  Solidago 
pa tula . 

Most  of  the  other  species  listed  in  Table  1,  though  not  found  in 
most  of  the  seeps,  are  fairly  common  throughout  the  state,  and  would  be 
expected  in  this  type  of  habitat.  Six  of  the  taxa,  however,  are  rarely 
encountered  in  east-central  Illinois  (Mohlenbrock  and  Ladd,  1978).  For 
the  most  part  these  taxa  are  relict  species  that  have  northern  affinities. 
Included  in  this  group  are  Aster  puniceus  var.  lucidulus ,  Campanula 
apar inoides ,  Carex  bebbii ,  £ .  bromoidea ,  Solidago  riddellii,  and 
Symplocarpus  foetidus . 

The  vascular  flora  of  the  seep  communities  has  some  similarity 
because  the  dominant  species  are  usually  the  same,  and  the  presence  of 
relict  species  that  are  common  to  many  of  the  seep  areas.  Of  the  species 
found,  however,  many  occur  in  only  one  or  two  of  the  areas  studies. 

Thirty  eight  of  the  species  listed  in  Table  1  were  found  at  only  one  of 


the  seeps  while  17  others  occurred  at  only  two  seeps.  The  large  number 
of  species  that  occurred  at  only  a  few  seep  areas  is  probably  a  reflection 
of  chance  dissemination,  degree  of  disturbance  in  and  around  the  seeps, 
and  differences  in  habitat  caused  by  shading,  and  the  degree  and  exposure 
of  the  slope. 

One  interesting  seep  not  included  in  the  study  occurs  at  the  base 
of  Windfall  Prairie  at  the  edge  of  the  Vermilion  River  in  Vermilion 
County  (NW%  Sect.  8  R12W  T20N) .  This  seep,  which  is  found  near  the  base 
of  a  steep,  eroded  cliff  contains  many  relict  plant  species.  Some  of 
the  more  important  species  found  are  Bromus  ka lmi i  Gray.,  Cirsium 
muticum  Michx. ,  Lysimachia  quadriflora ,  Qxypolis  rigidior ,  Parnassia 
glauca  Raf.,  Pedicularis  lanceolata,  Solidago  patula,  and  Sk  riddellii. 
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Table  1.--  The  abundance  classes  for  the  dominant  species  of  vascular 
plants  in  seven  hillside  marshes  located  in  East-central  Illinois.  For 
an  explanation  of  the  abundance  class  symbols  see  note  above  species  list. 


Symbol  Meaning 
VA  Very  Abundant 
A  Abundant 
VC  Very  Common 
C  Common 
VF  Very  Frequent 
F  Frequent 
F-  Less  Frequent 
FF  Fairly  Frequent 
FO  Fairly  Occasional 
0  Occasional 


Distance 
0-3  in.  apart 
3-6  in. 

%-l  ft. 

1- 1%  ft. 
l%-2  ft. 

2- 3  ft. 

3- 6  ft. 

6-12  ft. 

12-30  ft. 
30-50  ft. 


L  Indicates  local  abundance 


SPECIES 


Acalypha  rhomboidea  Raf. 

Agrostis  alba  L.  var.  alba 
Apios  americana  Medic . 

Arisaema  triphyllum  (L.)  Schott. 
Asclepias  incarnata  L. 

Aster  lateriflorus  (L.)  Britt. 

Aster  puniceus  L.  var.  lucidulus  Gray. 
Aster  simplex  Willd. 

Bidens  cernua  L. 

Bidens  frondosa  L. 

Boehmeria  cylindrica  (L.)  Sw. 

Caltha  palustris  L. 

Campanula  aparinoides  Pursh. 

Carex  brevior  (Dewey)  Mack. 

Carex  granularis  Muhl.  var.  granularis 
Carex  hyalinolepis  Steud. 

Carex  hystricina  Muhl. 

Carex  lanuginosa  Michx . 

Carex  lurida  Wahlenb. 

Carex  rosea  Schk. 

Carex  sparganioides  Muhl. 

Carex  stipata  Muhl.  var.  stipata 
Carex  stricta  Lam. 

Carex  trichocarpa  Muhl . 

Carex  vulpinoidea  Michx . 

Chelone  glabra  L. 

Cinna  arundinacea  L. 

Cryptotaenia  canadensis  (L.)  DC. 
Cyperus  strigosus  L. 

Eleocharis  erythropoda  Steud. 

Epilobium  colora turn  Muhl. 

Equisetum  arvense  L. 

Eupatorium  coeles tinum  L. 

Eupatorium  f is tulosum  Barratt. 
Eupatorium  per folia turn  L. 

Eupatorium  rugosum  Houtt. 

Galium  aparine  L. 


ABUNDANCE  CLASSES  OF  AREAS 


n  Walnut  Point  State 

^  Park  (shaded) 

/— n  Charleston  Marsh 

w  (shaded) 

^  Peppermill  Creek 

w  (partial  shade) 

^  Collison  Marsh 

^  (partial  shade) 

^  Forest  Glen  Pre- 

^  serve  (sunny) 

Peppermill  Creek 

s-'  (sunny) 

w 

V-i 

03 

£ 

6 

o 
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CD  X-N 

QJ 

«-■  e 
u  a 
co  d 
,r!  w 
U 
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0 
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FF 
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0 
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- 

F 
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- 
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0 

F 

FO 

VC 

- 

- 

- 

- 

LA 

- 

- 

- 

LVC 

- 

- 

- 

- 

- 

- 

FO 

0 

- 

- 

- 

0 

- 

- 

- 

- 

F 

- 

LC 

- 

- 

- 

0 

- 
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F 

F- 
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- 

- 

- 
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F- 

0 

0 
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- 

- 

- 
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FO 
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FO 
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- 

FO 

- 
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- 

- 

F- 
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F 

F 

0 

0 

F- 

F- 

0 

0 

- 

- 

LC 

- 

- 

0 

1 

1 

FF 

VF 

FF 

- 
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Table  1.  (continued) 

(1) 

(2) 

J3lJ 

iiL-1 

(5) 

(6) 

1ZJ> 

Glyceria  striata  (Lam.)  Hitchcock. 

0 

VC 

A 

VC 

0 

A 

F- 

Hydrophyllum  appendiculatum  Michx. 

- 

- 

- 

- 

LF- 

- 

- 

Impatiens  biflora  Walt. 

A 

LVC 

F 

VA 

A 

A 

LA 

Juncus  interior  Wieg. 

- 

VF 

- 

- 

- 

- 

- 

Laportea  canadensis  (L.)  Wedd. 

C 

- 

- 

- 

FF 

- 

- 

Leersia  oryzoides  (L.)  Swartz. 

- 

- 

- 

- 

- 

LVC 

- 

Leersia  virginica  Willd. 

FO 

0 

LC 

LVC 

LVC 

LC 

LF 

Lobelia  siphilitica  L. 

0 

FF 

0 

0 

0 

0 

FF 

Lysimachia  nummular ia  L. 

- 

- 

- 

VC 

- 

- 

- 

Lysimachia  quadriflora  Sims. 

- 

- 

- 

- 

- 

- 

LVC 

Mimulus  r ingens  L.  var.  r ingens 

- 

0 

FF 

0 

F- 

FF 

FF 

Oxypolis  rigidior  (L.)  Coulter  &  Rose. 

- 

FF 

- 

- 

- 

- 

FF 

Pedicularis  lanceolata  Michx. 

LA 

FO 

0 

- 

FF 

FO 

VF 

Pilea  pumila  (L.)  Gray. 

A 

VA 

LC 

VC 

LVA 

0 

FF 

Poa  pratensis  L. 

- 

FO 

LVF 

- 

- 

0 

FO 

Polygonum  hydropiper  L. 

- 

VF 

0 

F 

0 

F 

F 

Ranunculus  recurvatus  Poir. 

- 

0 

FO 

- 

- 

- 

- 

Rumex  crispus  L. 

- 

- 

0 

LF- 

- 

0 

- 

Rumex  obtusifolius  L. 

- 

- 

- 

0 

0 

FO 

- 

Sagittaria  latifolia  Willd. 

- 

- 

- 

LF 

- 

- 

LF 

Scirpus  atrovirens  Willd. 

- 

LF 

- 

- 

0 

FF 

0 

Senecio  aureus  L. 

- 

- 

F 

- 

F- 

F 

- 

Silphium  perfoliatum  L. 

- 

- 

- 

0 

- 

- 

LF 

Solidago  patula  Muhl. 

0 

F- 

FF 

F- 

FF 

F- 

F- 

Solidago  riddellii  Frank. 

- 

- 

- 

- 

- 

- 

F- 

Symplocarpus  foetidus  (L.)  Nutt. 

- 

- 

- 

FF 

F 

- 

- 

Thelypteris  palustris  Schott. 

- 

- 

0 

- 

FF 

FO 

- 

Typha  latifolia  L. 

- 

- 

- 

0 

LF- 

- 

LF- 

Urtica  dioica  L. 

LC 

- 

I  _ 

- 

FF 

- 

- 

Verbesina  alternifolia  (L.)  Britt. 

LC 

- 

0 

LC 

- 

- 

Vernonia  gigantea  (Walt.)  Trel. 

- 

- 

- 

- 

FF 

- 

- 

1.  Species  observed  in  low  abundance  in  each  area  and  not  included  in 
the  table. 

Area  1.  Actaea  pachypoda  Ell.  ,  Carex  gray!  Carey. ,  Geranium  macula turn  L. , 
Onoclea  sens ibilis  L . ,  Podophyllum  peltatum  L . ,  Polygonatum  commutatum 
(Schult . )  A .  Dietr . ,  Sanicula  gregaria  Bickn. ,  Uvularia  grandifolia  Sm. 
Area  2 .  Geum  canadense  Jacq . ,  Lippia  lanceolata  Michx. ,  Prunella 
vulgaris  L. ,  Scirpus  pendulus  Muhl . ,  Selaginella  apoda  (L. )  Fern. 

Area  3.  Geum  canadense  Jacq.,  Polygonum  puncta turn  Ell.,  Senecio 
glabellus  Poir. 

Area  4.  Carex  bebbii  Olney. 

Area  5 .  Carex  bromoides  Schk. ,  Echinochloa  crus-galli  (L. )  Beauv. , 
Eupatorium  purpureum  L. ,  Galium  triflorum  Michx. ,  Glechoma  hederacea  L. , 
Lysima cilia  ciliata  L. ,  Scrophularia  marilandica  L. ,  Scutellaria 
lateriflora  L. 

Area  6.  Juncus  ef fusus  L.  var.  solutus  Fern.  &  Wieg.,  Polygonum 
sagittatum  L. 

Area  7.  Ranunculus  septentrional is  Poir.,  Selaginella  apoda  (L.)  Fern. 
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ABSTRACT 

A  winter  storm  of  exceptional  severity  occurred 
throughout  most  portions  of  Illinois  during  January  1977* 
After  the  storm,  49  pheasants  found  frozen  in  Ford,  McLean, 
and  Irocuois  counties  were  autopsied.  Forty  (82  percent) 
of  the  specimens  had  principally  corn  and  soybeans  in 
their  crops;  39  (80  percent)  had  substantial  reserves  of 
visceral  fat.  Weights  of  adults  and  subadults  were 
within  normal  ranges  for  overwintering  pheasants  in 
Illinois.  Counts  of  pheasants  on  areas  of  investigation 
in  the  east-central  portion  of  the  state  indicated  that 
from  one-half  to  two-thirds  of  the  pheasants  succumbed. 


INTRODUCTION 


Winter  storms  are  known  to  limit  populations  of  pheasants  in  many 
Plains  and  Prairie  states  (Green,  1938;  Miller,  1948;  and  Kimball  et  al., 
1956).  However,  mortality  of  the  magnitude  recorded  in  Illinois  during 
1977  has  been  rare  in  this  state,  even  though  the  east-central  counties, 
where  numbers  of  pheasants  are  greatest,  are  farmed  intensively  for 
corn  and  soybeans  and  winter  cover  is  scarce.  Losses  of  pheasants  to 
blizzards  were  noted  in  1948  (Robertson  1958:21),  1964  (unpublished  data), 
and  have  no  doubt  occurred  in  other  years.  However,  Robertson  (1958:21) 
concluded  that  due  to  mild  winter  weather,  "Pheasants  in  east-central 


A  contribution  of  Federal  Aid  Project  W-66-R,  the  Illinois  Natural 
History  Survey,  the  Illinois  Department  of  Conservation,  and  the  U.S.  Fish 
and  Wildlife  Service,  cooperating,  and  Federal  Aid  Project  W-85-D,  the 
Illinois  Department  of  Conservation,  and  the  U.S.  Fish  and  Wildlife  Service, 
cooperat i ng. 
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Illinois  .  .  .  appeared  to  be  far  more  tolerant  of  the  near  absence  of 
heavy  winter  cover  than  was  the  case  in  other  Midwestern  areas."  Labisky 
et  al.  (1964:12)  observed:  "Losses  of  pheasants  to  winter  weather  in 
the  Lake  States,  which  include  Illinois,  are  usually  much  less  severe 
than  in  the  Plains  and  Prairie  States  because  prolonged  periods  of  deep 
snow  and  low  temperatures  are  less  freruent,  and  food  in  the  form  of 
waste  grains  is  generally  abundant  .  .  .  Anderson  (1972:489)  stated: 

"It  appears  that  pheasants  wintering  in  east-central  Illinois  experience 
little  difficulty  in  fulfilling  their  energy  retirements." 

In  January  1977*  weather  conditions  of  extreme  severity  prevailed 
in  most  areas  of  Illinois.  Temperatures  for  December  1976  averaged 
-21.3  C  colder  than  normal  in  the  east-central  portion  (U.S.  Department 
of  Commerce,  197&:3)>  and  temperatures  in  January  1977  were  -26°C  below 
average  (U.S.  Department  of  Commerce,  1977:3)*  The  Illinois  Water 
Survey  (1977)  described  the  January  weather  conditions  as  follows: 

"January  1977  in  Champa ign-Urbana  was  extremely 
below  normal  in  temperature,  below  normal  in  precipitation, 
and  extremely  above  normal  in  snowfall  ....  This  was 
the  coldest  January  on  record  since  1889*  Three  record 
lows  were  set  during  the  month  which  included  -12,  -17* 
and  -10  on  the  11th,  1 6 1 h ,  and  17th,  respectively.  Thi  rty- 
four  days,  including  the  last  3  days  of  December  and  all 
days  in  January,  had  maximum  temperatures  below  32  degrees. 

This  is  a  record  period  of  time  in  which  the  temperature 
never  exceeded  32  degrees.  The  total  precipitation  for 
January  1977  was  1.31  inches,  0.84  inch  below  normal. 

Snowfall  totaled  18. 8  inches,  13*7  inches  more  than  normal, 
which  makes  this  past  month  the  snowiest  January  since 
1903." 

Severe  storm  conditions  were  recorded  for  27-29  January.  During  the 
late  evening  and  early  morning,  27-28  January,  up  to  20.3  cm  of  snow 
fell  in  east-central  Illinois  with  an  accumulated  total  of  33*0  cm  of 
snow  on  the  ground  (U.S.  Department  of  Commerce,  1977:11)*  Temperatures 
plummeted  below  -26.1  C  in  early  morning  of  28  January;  and,  winds  in 
excess  of  69  km  per  hour  caused  extreme  wind  chill  factors  and  blowing 
snow  (U.S.  Department  of  Commerce,  1977:1*7)* 


FINDINGS 


After  the  severe  storm,  49  frozen  pheasants  were  collected  in  Ford, 
McLean,  and  Iroquois  counties  in  east-central  Illinois.  Ice  and  snow 
had  accumulated  in  their  throats  and  around  the  eyes,  nostrils,  and 
beaks.  The  birds  apparently  succumbed  while  roosting  in  plowed  ground, 
stubble  fields,  and  other  areas  of  little  or  low  herbaceous  cover. 

A  tentative  estimation  of  the  magnitude  of  the  storm- re lated 
mortality  is  possible.  On  a  16-srua re-mi  1 e  area  on  which  roadsides  are 
seeded  and  pheasant  abundance  is  routinely  monitored,  the  Ford  County 
Management  Unit  (FCMU),  a  helicopter  census  conducted  20  January  l 977 
showed  an  average  of  30  pheasants  per  sruare  mi le.  Subseouent  to  the 
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storm  of  27-29  January,  31  of  the  40  miles  of  roadway  on  the  FCMU  were 
driven  in  a  search  for  frozen  birds.  Twenty-seven  frozen  pheasants 
were  sighted  from  the  roadway.  Thus,  5*6  percent  of  the  population 
counted  from  the  air  one  week  before  the  freeze  was  confirmed  dead. 
Because  the  portion  of  the  total  land  area  in  the  16  sections  of  the 
FCMU  that  could  be  canvassed  from  the  roadway  is  small,  it  is  logical 
to  assume  that  more  than  5*6  percent  of  the  population  may  have 
succumbed. 

Statewide,  cock  call  counts  were  one-third  lower  in  May  1977  than 
in  the  previous  spring.  Cockcall  counts  during  May  1977  on  five  areas, 
which  included  the  FCMU,  in  east-central  counties  (Champaign,  Ford, 
Iroquois,  and  McLean)  showed  a  decline  from  the  previous  year  of  38 
to  80  percent.  The  audio  census  on  the  FCMU  indicated  a  decline  of 
69  percent  in  the  spring  population  whereas  visual  counts  in  May 
suggested  an  81  percent  reduction.  Poor  reproduction  by  pheasants 
on  the  FCMU  in  1976  apparently  contributed  to  lower  populations 
observed  in  May  1977*  Nest  studies  conducted  for  1976  indicated  14 
percent  fewer  hatched  nests  on  the  FCMU  than  in  1975*  On  the  assumption 
that  the  decline  in  numbers  of  broods  on  the  FCMU  in  1976  was  reflected 
in  the  spring  census  of  1 97 7 »  the  s torm- re  1 ated  kill  may  have  accounted 
for  approximately  54  (69  minus  14)  to  67  (81  minus  14)  percent  of  the 
reduction  recorded  in  May  1977#  depending  on  whether  the  audio  or  visual 
method,  respectively,  is  most  accurate. 

Storm-related  mortality  was  apprently  widespread;  biologists  with 
the  Illinois  Department  of  Conservation  observed  frozen  pheasants  in 
20  different  counties  located  primarily  in  the  east-central  and  north- 
central  portions  of  the  state. 

Forty  (82%)  of  the  49  frozen  pheasants  collected  had  principally 
corn  or  soybeans,  or  both,  in  their  crops;  39  (80%)  had  substantial 
reserves  of  visceral  fat.  Weights  (Table  l)  averaged  966  g  for  21 
adult  hens,  947  g  for  17  subadult  hens,  1,345  g  for  4  adult  cocks,  and 
1,264  g  for  7  subadult  cocks. 

Table  1.  Weights  of  pheasants  found  frozen  in  Ford,  McLean,  and 
Irocuois  counties  after  the  storm  of  27-29  January  1977* 


Sex 

Age 

Numbe  r 

Weight 

i  n  G 

ram 

s 

Range 

Mean  +  Standard 

Error 

Fema 1 e 

Adu  1 1 

21 

800-1,090 

966.3 

+ 

84.85 

Subadul t 

17 

763-1,100 

946.7 

+ 

103.34 

Male 

Adu  1  t 

4 

1,248-1,480 

1,345.3 

+ 

99*03 

Subadu 1 t 

7 

1,008-1,380 

1,263.7 

+ 

130.86 
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DISCUSS  ION 


Robertson  (1958:18-19)  concluded  that  over  the  period  of  1946-51? 
"Illinois  pheasant  populations  appeared  to  be  entirely  free  of  the 
threat  of  winter  starvation,  which  .  .  .  has  sometimes  taken  a  heavy 
toll  in  the  Plains  states."  In  the  30  years  since  that  conclusion  was 
drawn,  land-use  practices  in  Illinois  have  become  progressively 
deleterious  to  ringneck  populations.  Increased  efficiency  of  grain 
harvest,  in  conjunction  with  extensive  fall  plowing,  has  lessened  the 
availability  of  waste  grains  and  protective  cover  for  the  overwintering 
pheasant.  The  Illinois  Cooperative  Crop  Reporting  Service  (unpublished 
data)  determined  that  approximately  80  percent  of  the  farmland  in  the 
east-central  counties  was  plowed  by  I  December  1976.  Although  intensive 
row  crop  farming  has  expanded,  our  findings  are  in  agreement  with 
Robertson's  (1958)  conclusion.  The  fact  that  40  (82  percent)  of  the 
49  frozen  specimens  collected  in  1977  were  found  to  have  food  (principally 
corn  and  soybeans)  in  their  crops  suggests  that  in  the  prime  range  of 
Illinois  pheasants  find  scattered  grains  even  under  extreme  weather 
conditions  and  after  fall  plowing.  The  average  weights  (Table  1)  and 
visceral  fat  reserves  indicated  good  general  physiological  condition. 

Mean  weights  (both  sexes)  of  the  49  specimens  were  within  normal  weight 
curves  for  overwintering  pheasants  in  many  Midwestern  and  Plains  states 
(Edwards  et  al.,  1964:273)*  In  fact,  the  average  weights  of  both  sexes 
in  1977  were  greater  than  the  mean  weights  of  854  g  for  hens  and  1,170  g 
for  cocks  noted  by  Anderson  (1972:459?  Table  1)  for  the  winter  months 
in  east-central  Illinois  during  the  late  1 960 ' s -  Anderson  (1972:491) 
concluded  that  health  and  survival  of  overwintering  juvenile  hens  in 
Illinois  would  not  be  seriously  affected  unless  body  weights  were  reduced 
below  an  average  of  690  g. 


SUMMARY 


The  scarcity  of  cover  for  the  pheasant  during  the  winter  in  Illinois 
has  rarely  been  a  factor  that  limits  the  abundance  of  the  ringneck. 

Winter  conditions  for  ringneck  populations  in  Illinois'  prime  range 
leading  up  to  the  January  1977  blizzard  were  characterized  by  lower- 
than-normal  temperatures,  above-ave rage  snowfall,  and  extensive  fall 
plowing.  Yet  there  was  no  evidence  of  food  shortage  or  physiological 
stress  in  the  frozen  specimens  examined.  However,  the  lack  of  protective 
cover  was  a  great  detriment  to  pheasants  in  late  January,  when  extreme 
blizzard  conditions  occurred.  With  the  prevailing  snowfall  and  very  low 
temperatures  of  27-29  January,  exposure  to  the  severe  chilling  effects 
of  the  high  winds  ultimately  caused  a  majority  of  the  pheasants  in  the 
prime  range  to  succumb. 
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ABSTRACT 


Methods  used  to  study  buccal  exfoliative  cytology 
were  applied  to  gingival  smears.  Buccal  and  gingival 
cells  were  classified  using  three  indices.  Cells  ob¬ 
served  in  both  types  of  smears  were  primarily  inter¬ 
mediate  with  round  or  oval  nuclei.  Gingival  Cells  aver¬ 
ages  were:  cell  area,  3046  X  10“^cm^;  nuclear  area, 

92  X  10"8cm2;  cen  <jry  mass  1 592  pg;  and,  nuclear  dry 
mass,  47  pg.  Gingival  cells  were  generally  smaller  and 
weighed  less  than  buccal  cells,  but  the  nuclei  in  these 
were  similar  in  size  and  mass. 


Lee  et_  aj_.  (1974)  reviewed  the  data  on  cell  and  nuclear  size  and 
dry  mass  for  cells  from  the  cheek  and  upper  lip  of  the  oral  cavity  of 
humans.  The  means  for  parabasal  cells  from  the  cheek  could  be  general¬ 
ized  as  follows:  cell  area  (CA),  1800  X  10-^cm^;  cell  dry  mass  (CDM), 
1000  pg  (1  pg  =  1  X  1 0~T 2g ) •  nuclear  area  (NA),  70  X  10_8cm2;  and, 
nuclear  dry  mass  (NDM),  45  pg.  Means  for  intermediate  cells  with  round 
or  oval  nuclei  were  about  250%  greater  for  CA  and  CDM,  25%  greater  for 
NA,  and  50%  greater  for  NDM  than  those  for  parabasal  cells.  Means  for 
pycnotic  cells  were  similar  to  those  for  intermediate  cells  for  CA  and 
CDM  but  the  nuclei  were  about  one-third  the  size  and  one-half  the  mass. 
Parabasal  cells  from  the  upper  lip  were  slightly  smaller  in  area  and 
weighed  less  than  those  from  the  cheek  but  their  nuclei  were  about  10% 
larger  and  20%  greater  in  dry  mass.  The  means  for  CA,  NA,  and  NDM  for 
intermediate  and  pycnotic  cells  from  the  upper  lip  were  similar  to  those 
from  the  cheek  but  CDM  for  lip  cells  was  less  than  that  for  cheek  cells. 
Binucleate  cheek  cells  were  like  mononucleate  cells  except  for  smaller 
NA.  The  sequence  for  development  in  cheek  and  lip  cells  appeared  to  be 
similar.  In  general,  parabasal  cells  became  intermediate  cells  by  in¬ 
creasing  in  CA,  CDM,  NA,  and  NDM.  As  intermediate  cells  matured,  CA, 

NA,  and  NDM  decreased  but  CDM  remained  relatively  unchanged. 

The  purposes  of  this  study  were:  to  apply  methods  used  in  buccal 
exfoliative  cytology  to  gingival  cells;  to  determine  CA,  NA,  CDM,  and 
NDM  for  gingival  cells;  and,  to  summarize  the  cell  types  observed  in 
gingival  smears  using  three  maturation  indices  used  successfully  in 
buccal  exfoliate  cytology. 


120 


Buccal  and  gingival  cells  were  obtained  from  the  senior  author 
(male,  age  14)  by  light  rubbing  action  of  the  index  finger  on  the  outer 
surface  of  the  right  side  of  the  upper  gum  and  the  buccal  mucosa.  Cells 
were  transferred  to  a  slide,  covered  with  a  drop  of  0.01%  acridine  orange 
and  a  cover  glass.  The  cover  glass  was  sealed  to  the  slide  with  paraffin 
oil  to  prevent  evaporation.  Fifty  randomly  selected  cells  were  classi¬ 
fied  using  the  system  described  by  Pappelis  et  al_.  (1976):  parabasal 
(Pb)  cells;  intermediate  cells  with  round  nuclei  ( I -R) ,  with  oval  nuclei 
( I -0 ) ,  or,  with  small,  rod-shaped  nuclei  (I-RP);  pycnotic  (P)  cells; 
nuclei  less  than  6  y  diameter;  ghost  (6)  cells,  like  I-R  or  1-0  using 
phase-contrast  or  interference  microscopy  but  having  very  low  optical 
path  differences  (low  dry  mass)  when  viewed  with  an  interference  micro¬ 
scope  and  little  or  no  fluorescence  when  viewed  in  acridine  orange  using 
an  ultraviolet  microscope  equipped  with  epifluorometry  accessories  be¬ 
cause  of  little  or  no  DNA  content;  anucleate  (A)  cells;  and  binucleate 
(BN)  cells. 

When  computing  Cell  Development  Index  (CDI),  the  cell  types  were 
classified  as  above  and  assigned  values  as  follows:  Pb,  1;  I-R,  4;  1-0, 
5;  I-RP,  6;  P,  7;  G,  8;  and  A,  9.  BN  cells  were  assigned  a  mean  value 
based  on  the  morphology  of  the  two  nuclei  and  cell.  The  CDI  was  obtained 
by  multiplying  the  assigned  values  by  the  percentages  of  each  type  in 
the  smear,  and  adding  the  products.  Three  groups  of  cells  were  used  to 
compute  Maturation  Index  (MI):  Pb,  assigned  the  value  of  0.0;  interme¬ 
diate  cells  (I-R,  1-0,  and  I-RP)  assigned  0.5;  and,  superficial  cells 
(P,  G,  and  A)  assigned  1.0.  We  assigned  G  to  superficial  cells  because 
their  nuclei  were  considered  to  be  more  degenerate  than  those  of  inter¬ 
mediate  cells.  The  values  were  multiplied  by  the  percentages  of  each 
cell  type  classified  in  the  smear  and  the  products  summed  to  arrive  at 
MI.  Karyopycnotic  Index  (KI)  was  computed  by  dividing  the  number  of  P 
and  A  cells  by  the  total  number  of  cells. 

Photomicrographs  of  ten  randomly  selected  cells  per  smear  were  used 
to  determine  CA  and  NA.  NDM  and  CDM  were  computed  as  described  by 
Pappelis  et  a]_.  (1973).  Optical  path  differences  were  obtained  using  a 
Leitz  transmitted  light  interference  microscope  and  monochromatic  light. 
Three  replications  were  used  to  obtain  means. 

The  cells  observed  in  both  right  cheek  and  gingival  smears  were 
primarily  of  the  1-0  and  I-R  type  (gingival,  1-0  =  61%,  I-R  =  29%;  cheek, 
1-0  =  64%,  I-R  =  20%).  In  gingival  smears,  there  were  about  2%  Pb,  4% 
I-RP,  1%  P,  2%  G,  and  2%  A.  In  buccal  smears,  there  were  about  2%  Pb, 

6%  I-RP,  3%  P,  5%  A,  and  1%  BN.  CDI,  MI,  and  KI  were  computed  for  the 
gum  and  cheek  using  the  replicate  means  for  cell  types.  For  gingival 
cells,  these  were:  CDI  =  487;  MI  =  52;  and  KI  =  0.03.  For  buccal  cells, 
these  were:  CDI  =  502;  MI  =  53;  and  KI  =  0.08.  The  percentage  of  the 
various  types  of  cells  in  gingival  and  buccal  smears  and  the  CDI,  KI ,  and 
MI  means  were  similar.  We  conclude  that  the  three  cell  maturation  indi¬ 
ces  used  to  classify  cells  in  buccal  smears  are  well  suited  for  classi¬ 
fying  cells  in  gingival  smears. 

The  averages  for  CA  and  NA  in  gingival  cells  were  3046  and  92  X 
10-8cm2,  respectively.  For  gingival  cells,  CDM  and  NDM  were  1039  and 
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45  pg,  respectively.  In  buccal  smears,  the  average  of  CA  and  NA  were 
3978  and  89  X  10~8cm  ,  respectively.  The  averages  for  CDM  and  NDM  were 
1592  and  47  pg,  respectively.  The  gingival  cells  were  generally  smaller 
and  weighed  less  than  buccal  cells,  but  the  nuclei  in  these  were  similar 
in  size  and  mass.  CA,  CDM,  NA,  and  NDM  for  buccal  cells  are  in  close 
agreement  with  data  for  randomly  sampled  buccal  cells  reported  and 
reviewed  by  Lee  et_  al_.  (1974):  CA,  4105  X  10“8cm2;  NA,  87  X  10"8cm^; 

CDM,  1941  pg;  and,  NDM,  55.5  pg. 

Physical  changes  that  occur  with  advanced  aging  are  seen  in  the  oral 
cavity  as  well  as  the  rest  of  the  body.  Gingival  recession  and  loss  of 
gingival  attachment  are  well  correlated  with  chronologic  age  and  esti¬ 
mates  of  biologic  age  (Hansen  1973).  Very  little  is  known  about  the 
relationghip  between  aging  and  periodontal  disease.  If  the  natural  den¬ 
tition  is  to  be  retained  throughout  life,  more  must  be  known  about  the 
aging  process  (Hazen,  S.  P.,  1974).  We  conclude  that  gingival  exfolia¬ 
tive  cytology  may  be  helpful  in  the  study  of  aging  in  this  tissue.  We 
suggest  that  cells  in  smears  be  classified  using  the  methods  described 
in  this  study  and  that  the  size  and  mean  values  for  mass  of  cells  and 
their  nuclei  also  be  determined  for  donors  in  various  age  classes, 
chronologic  and  biologic. 
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ABSTRACT 


Natural  infections  of  leaves  of  Arisaema  dracon¬ 
tium  by  Uromyces  aritriphylli  produced  yellow  leaf 
spots.  Epidermal  nuclei  overlying  yellow  and  adjacent 
normal,  green  mesophyll  were  studied  in  samples  taken 
two  weeks  apart  using  quantitative  interference  micros¬ 
copy.  Nuclei  were  smaller  over  yellow  leaf  spots  than 
over  green  mesophyll  on  both  dates.  Nuclei  over  yel¬ 
low  leaf  spots  had  slightly  greater  dry  mass  than 
nuclei  over  green  mesophyll  on  the  first  sampling  date 
but  had  less  dry  mass  than  those  over  green  mesophyll 
two  weeks  later. 

Kulfinski  and  Pappelis  (1971,  1976)  and  Heitefuss  and  Wolf  (1976) 
reviewed  reports  of  nuclear  changes  during  the  development  of  fungal 
disease  symptoms  in  plant  tissue.  In  the  case  of  some  obligate  para¬ 
sites,  host  nuclei  and  nucleoli  were  reported  to  increase  in  size  in 
early  stages  of  infection.  Nuclear  RNA  and  DNA  also  increased.  In 
some  cases,  increased  size  of  host  nuclei  was  accompanied  by  increased 
ribosomal  content  and  synthesis  of  cellular  RNA  and  protein.  In  con¬ 
trast  to  these  findings,  dry  mass  of  host  nuclei  decreased  during  the 
nuclear  swelling  stage  in  epidermal  cells  above  infected  mesophyll  in 
Podophyllum  peltatum  infected  with  Puccinia  podophylli . 

Within  two  days  following  inoculation  with  non-obligate  fungal 
pathogens,  nuclei  in  onion  bulb  epidermal  cells  underwent  substantial 
decreases  in  size  and  dry  mass  (Kulfinski  and  Pappelis,  1971).  Dry 
mass  loss  in  onion  nuclei  was  due  to  loss  in  RNA  and  histone,  DNA  con¬ 
tent  remaining  unchanged  (Kulfinski  and  Pappelis,  1976). 
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ABSTRACT 


Mollusca  and  arthropoda  from  the  Shumway  Cyclo- 
them  include  the  following:  three  species  of  bivalvia 
in  the  black  fissile  shale  member;  two  species  of 
gastropoda,  one  species  of  cephalopoda,  and  one  species 
of  bivalvia  in  the  lower  limestone  member;  and  five 
species  of  gastropoda,  three  species  of  cephalopoda, 
five  species  of  bivalvia,  and  one  species  of  trilobite 
in  the  upper  limestone  metnber.  Of  these,  two  species 
of  gastropoda,  one  of  cephalopoda,  four  of  bivalvia 
and  the  trilobite  do  not  appear  on  Tucker's  (1976b) 
faunal  list  and  are  previously  unreported  from  the 
Shumway  Cyclothem. 


INTRODUCTION 


The  Pennsylvanian  fossils  of  Illinois  have  received  little  system¬ 
atic  study  since  the  late  nineteenth  century,  with  most  reports  since 
that  time  confined  to  monographic  works  dealing  with  a  few  strati  graph¬ 
ically  significant  fossils  (Cooper,  1946;  Dunbar  and  Henbest,  1942),  a 
comprehensive  faunal  list  of  western  Illinois  Pennsylvanian  fossils 
(Wanless,  1958)  and  scattered  descriptions  of  individual  organisms. 

Thus,  there  are  no  comprehensive  systematic  accounts  of  individual 
faunal  assemblages  and,  in  addition,  most  of  the  work  has  been  concen¬ 
trated  on  Middle  and  Early  Pennsylvanian  rocks.  Thus,  description  and 
illustration  of  a  substantial  portion  of  the  rich  fauna  occurring  in 
the  Shumway  Cyclothem  has  been  undertaken  to  provide  documentation  of 
an  Early  Virgil ian  faunule  of  stratigraphic  and  paleogeographic  signi¬ 
ficance.  The  Shumway  Cyclothem  fossils  are  very  nearly  the  youngest  in 
the  Illinois  Basin  Pennsylvanian  sequence.  They  also  are  geographical ly 
isolated,  many  miles  east  of  faunas  of  similar  age  in  eastern  Kansas  and 
far  west  of  the  sparse  assemblages  occurring  in  Ohio. 

The  Shumway  Cyclothem  was  named  by  Weller  and  Newton  (1938)  and 
briefly  described  by  Weller  and  Bell  (1941).  Later,  Kosanke  et  al . 
(1960)  designated  a  type  locality  for  the  Shumway  Limestone  member  and 
published  a  detailed  stratigraphic  column  of  the  Cyclothem  at  that 
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Our  findings  herein  are  like  our  earlier  findings  for  Podophyllum 
peltatum  infected  by  Puccinia  podophylli,  in  that  nuclei  in  epidermal 
cells  over  yellow  leaf  spots  decreased  in  size  and  dry  mass.  However, 
in  the  earlier  study,  nuclear  dry  mass  decreased  during  nuclear  swell¬ 
ing.  We  believe  these  two  diseases  involving  systemic,  obligate  fungal 
pathogens  would  be  ideal  for  comparative  and  also  chronological  studies 
throughout  the  leaf  development  and  sympton  development  stages.  No 
other  models  for  such  studies  have  been  described. 
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THE  VASCULAR  FLORA  OF  CEDAR  LAKE  RESERVOIR, 

JACKSON  COUNTY,  ILLINOIS 

Thomas  E.  Heineke 
Department  of  Botany 
Southern  Illinois  University 
Carbondale,  Illinois  62901 

ABSTRACT 

The  vascular  flora  of  approximately  five  square  miles 
surrounding  Cedar  Lake  Reservoir  in  southern  Illinois 
was  investigated  for  nineteen  months  ending  in  April, 

1977.  The  seven  plant  community  types  found  in  the 
study  are  described.  Fifty-four  taxa  were  collected 
that  were  new  for  Jackson  County,  and  thirteen  new 
taxa  were  recorded  for  the  state  of  Illinois.  An  an¬ 
notated  checklist  of  941  taxa,  including  893  species 
concludes  this  paper. 

INTRODUCTION 

Cedar  Lake  Reservoir  is  located  approximately  six  miles 
south  of  Carbondale  in  southeastern  Jackson  County,  Illinois. 
The  lake  is  almost  five  miles  in  length  from  north  to  south 
and  covers  about  1750  acres.  Little  Cedar  Lake,  an  earlier 
impoundment,  is  situated  below  the  far  southwest  leg  of  Cedar 
Lake.  It  has  97  acres  of  water  surface. 

The  lake  is  jointly  owned  by  the  City  of  Carbondale  and 
the  United  States  Forest  Service,  the  northern  half  by  the 
former,  the  southern  half  by  the  latter.  Regulation  of  the 
entire  lake  is  shared  by  both  parties. 

The  study  area  includes  slightly  more  than  3200  acres. 

THE  ENVIRONMENT 
Climate 

The  climate  of  Jackson  County,  located  in  the  interior 
of  a  large  land  mass,  is  humid,  continental,  and  subject  to 
wide  variations  in  temperature  and  precipitation. 

The  average  temperature  in  Jackson  County  is  57.8°  F. 
July  has  an  average  temperature  of  79.4°  F.  The  mean  tem¬ 
perature  for  January  is  35°  F.  The  annual  precipitation  in 
the  county  averages  44.8  inches  (Anonymous,  1964). 
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Geology ,  Topography ,  and  Soils 


Cedar  Lake  is  situated  in  the  Shawnee  Hills  Section  of 
the  Interior  Low  Plateau  physiographic  province  of  North 
America  (Leighton,  et  al. ,  1948).  This  area  is  known  for  its 
rugged  and  scenic  topography.  Within  the  study  area  stream 
action  is  primarily  responsible  for  the  topographical  devel¬ 
opment,  with  wind  and  glacial  action  being  lesser  influences 
(Desborough,  1959) .  The  relief  shown  in  much  of  the  area  be¬ 
tween  the  low  woods  and  the  ridgetops  is  often  quite  stark, 
demonstrating  a  high  resistance  of  the  massive  sandstone  bed¬ 
rock  to  erosive  factors.  Mississippian  and  Pennsylvanian 
aged  bedrock  underlies  the  region. 

The  highest  point  in  the  Cedar  Lake  area  is  approxi¬ 
mately  660  feet  above  sea  level.  The  lowest  point  of  the 
region  exists  at  approximately  400  feet  above  sea  level, 
giving  a  total  relief  of  260  feet.  Tall,  sheer  cliffs  arise 
from  the  water  on  both  sides  of  the  lake  at  its  northern  end. 
Cliffs  of  slightly  smaller  stature  occur  upslope  from  the 
lake  throughout  the  area  studied.  The  most  striking  of 
these  are  located  at  Cove  Hollow  and  Wolfden  Hollow  on  the 
west  side  of  the  watershed.  Cove  Hollow  is  surrounded  by 
massive  sandstone  cliffs  which  help  provide  the  rich  mesic 
haitat  in  the  ravine  below.  Approximately  one  mile  south  is 
Wolfden  Hollow,  a  deep  mesic  canyon  with  steeply  sloping 
wooded  hillsides.  At  its  wide  mouth  tall  cliffs  are  present 
on  both  sides.  These  gradually  disappear  as  the  slopes  merge 
at  the  ridgetops.  The  cliff  at  the  south  side  of  Wolfden 
Hollow  circles  south,  then  west,  forming  an  almost  round, 
easterly  projecting  pennisula. 

Soils  of  the  study  area  can  be  broadly  divided  into  up¬ 
land  and  lowland  groups.  The  upland  types  include  soils  of 
the  Alford,  Hosmer,  Neotoma,  Wellston,  Hickory  and  Berks 
units.  The  lowland  soils  are  of  two  types,  Burnside  and 
Wakeland.  Soils  of  the  Banlic,  Belknap  and  Bird  Series  are 
now  covered  by  water  (Herman,  1976). 

On  most  of  the  flat  ridgetops  surrounding  Cedar  Lake  are 
found  soils  of  the  Alford  and  Hosmer  Series.  These  soils, 
which  are  formed  in  loess,  are  deep  and  highly  permeable  to 
water,  affording  a  generally  dry  condition. 

Many  of  the  lower,  moderately  steep,  wooded  slopes  in 
the  Cedar  Lake  area  have  soils  of  the  Wellston-Berks  Complex. 
These  soils  are  deep  and  well  drained  (Herman,  1976).  A  low¬ 
er  topographical  position,  resulting  in  a  more  favorable 
moisture  condition,  allows  for  a  mesic  situation  to  exist. 
Localities  with  this  complex  are  wooded,  mesic,  mostly  north¬ 
facing  slopes. 

The  northern  tip  of  the  region  is  dominated  by  gentle 
wooded  slopes  with  soils  of  the  Hickory-Alf ord  Complex. 
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These  two  soils  are  mapped  together,  the  Alford  soils  being 
found  on  the  upper  slopes  and  the  Hickory  soils  on  the  lower. 
Pebbles  and  gravel  commonly  occur  throughout  the  latter  soil 
type.  This  complex  is  well  drained  and  moderately  deep  to 
bedrock  (Parks  and  Miles,  1967).  Mesic  to  dry  woods  are  as¬ 
sociated  with  this  soil  unit. 

Several  soil  types  situated  in  the  lowlands  are  now  con¬ 
cealed  by  the  lake.  Of  those  units  which  are  not,  the  Burn¬ 
side  Series  is  the  most  abundant.  It  can  be  found  adjacent 
to  some  of  the  creeks  which  feed  Cedar  Lake  and  Little  Cedar 
Lake.  Its  alluvial  soils  are  moderately  well  drained  and 
occupy  rather  flat  terrain. 

Soils  of  the  Wakeland  Series  are  found  in  several  small, 
very  flat  regions  in  the  northern  part  of  the  study  area. 
These  soils  are  deep,  poorly  drained  and  formed  in  alluvium 
(Herman,  1976).  These  characteristics  allow  for  a  plant  com¬ 
munity  that  is  tolerant  of  wet  conditions  for  prolonged 
periods  of  time. 


PLANT  COMMUNITIES 


Seven  major  plant  community  types  are  found  at  Cedar 
Lake.  These  are:  1)  Aquatic  communities;  2)  Streambank 
communities;  3)  Mesic  ravine  communities;  4)  Xerophytic  ledge 
communities;  5)  Dry  woods  communities;  6)  Old  field  communi¬ 
ties;  and  7)  Disturbed  communities. 

Aquatic  Communities 

Cedar  Lake  reached  full  pool  late  in  1975.  No  true 
aquatic  species  were  found  in  the  lake,  and  the  marginal, 
semi-aquatic  flora  reflects  an  early  successional  state.  The 
moist  shorelines  produce  dense  populations  of  pioneer  species. 
Sedges  such  as  Cyperus  strigosus ,  C .  esculentus ,  and  Eleo- 
charis  obtusa  grow  commonly  along  most  of  the  lake's  edge. 

The  family  Polygonaceae  is  well  represented  on  these  wet 
banks.  Polygonum  pensy lvanicum ,  P.  lapathi folium,  P.  punc- 
taturn,  and  Rumex  crispus  are  all  found  with  regularity  ad¬ 
jacent  to  the  lake. 

Little  Cedar  Lake,  which  was  impounded  in  1969,  exhibits 
a  more  advanced  state  of  aquatic  succession.  True  acquatics 
found  in  the  lake  are  Lemna  minor ,  Spirodela  polyrhiza ,  Na j as 
minor ,  and  Potamogeton  spp.  The  wet  shoreline  is  inhabited 
by  Jussiaea  spp. ,  Eleocharis  obtusa ,  Juncus  ef fusus  var. 
solutus ,  Sagittaria  latif olia  and  Typha  latif olia ,  among 
others . 


Streambank  Communities 

Only  a  small  portion  of  the  Cedar  Lake  area  contains 
streambank  communities.  In  two  locations,  this  community  is 
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found  bordering  Cedar  Creek — just  downstream  from  the  emer¬ 
gency  spillway  of  the  impoundment,  and  at  the  far  south  end 
of  the  region  studied,  where  Cedar  Creek  enters  Little  Cedar 
Lake.  These  sites  have  soils  which  are  very  deep  and  mod¬ 
erately  to  poorly  permeable  to  water.  This  community  exhi¬ 
bits  a  rather  tight  canopy  with  dense  shrub  and  herbaceous 
layers.  Characteristic  trees  found  adjacent  to  the  creek  and 
in  the  surrounding  floodplain  are  Platanus  occidentalis , 

Acer  negundo ,  Betula  nigra ,  Fraxinus  americana ,  and  Liquid- 
ambar  styracif lua .  The  heavy  understory  consists  of  shrubs 
such  as  Staphy lea  trifolia ,  Cephalanthus  occidentalis ,  and 
Arundinaria  gigantea ,  the  latter  often  in  dense,  nearly  pure 
stands.  Woody  vines  frequently  encountered  are  Parthenocis- 
sus  quinguefolia ,  Smilax  spp.  and  Vitis  spp. 

The  vernal  aspect  of  the  floodplain  woods  is  character¬ 
ized  by  a  distinct  herbaceous  flora.  Early-flowering  plants, 
such  as  Viola  striata ,  Collinsia  verna,  Cardamine  bulbosa , 
and  Valeriana  paucif lora  inhabit  these  very  moist  woods. 

Many  sedges  occupy  the  floor  of  these  woods.  Some  of 
these  are  Carex  muskingumensis ,  C.  rosea ,  Cyperus  strigosus 
and  Eleocharis  obtusa.  Grasses  including  Glyceria  striata, 
Phalaris  arundinacea ,  Chasmanthium  latif olium ,  and  Leerzia 
oryzoides  commonly  grow  with  these  sedges. 

On  gravel  bars  within  the  creek,  a  number  of  herbaceous 
taxa  can  be  found.  Mimulus  alatus ,  Commelina  spp.,  and 
Lippia  lanceolata  frequently  occupy  these  temporary  terres¬ 
trial  habitats. 


Mesic  Ravine  Communities 

The  deep,  moist,  shaded  ravines  support  the  most  diverse 
and  luxuriant  flora  in  the  area.  Soils  occupying  these  mesic 
canyons  are  moderately  deep,  well  drained,  and  rich  in  organ¬ 
ic  matter.  Fagus  grandif olia ,  Acer  saccharum ,  and  Lirioden- 
dron  tulipif era  form  the  dominants  in  the  arborescent  portion 
of  this  community  in  the  bottoms  and  north-facing  slopes. 
Farther  upslope  and  on  the  less  moist,  south-facing  mesic 
slopes,  Acer  saccharum,  Quercus  rubra  and  Q.  alba  compose 
most  of  the  canopy.  Other  trees  contributing  to  the  great 
diversity  of  this  community  are  Carya  glabra ,  U lmus  ameri¬ 
cana  ,  Nyssa  sylvatica ,  Tilia  americana  and,  rarely  Magnolia 
acuminata . 

The  midstratum  is  occupied  by  Ostrya  virginiana ,  Carpi- 
nus  caroliniana ,  Cercis  canadensis ,  Lindera  benzoin ,  Asimina 
triloba ,  and  Staphy lea  trifolia.  Toxicodendron  radicans  is 
the  most  abundant  shrub  inhabiting  the  rich  floor. 

The  herbaceous  vernal  flora  consists  of  a  wide  variety 
of  brightly  colored  woodland  forms  which  produce  flowers 
before  the  trees  form  a  tight  canopy  above.  Erigenia 
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bulbosa ,  Clay tonia  virginica ,  Dicentra  cucullaria ,  D.  cana¬ 
densis,  Sanguinaria  canadensis ,  Ery thronium  americanum ,  Tril¬ 
lium  spp.,  Viola  spp.  and  many  other  small,  profusely  flower¬ 
ing  herbs  cover  the  surface  of  the  moist  ravines  in  the 
spring . 

Ferns  exist  in  great  abundance  in  this  habitat.  Some  of 
the  pteridophytes  common  to  this  community  are  Polystichum 
acrostichoides ,  Dryopteris  marginalis ,  Adi an turn  pedatum  and 
Athyrium  spp. 


Xerophytic  Ledge  Communities 

Sandstone  bedrock  outcrops  in  a  narrow  band  running  east 
and  west  in  southern  Illinois.  Well  defined  south-  and  west¬ 
facing  sandstone  ledges  occur  in  several  localities  within 
the  area  under  discussion.  The  extremes  of  heat  and  dryness 
are  maintained  by  the  high  porosity  of  the  bedrock  and  inter¬ 
spersed  patches  of  thin  soil,  the  relative  high  topographic 
position,  and  the  relentless  exposure  to  the  sun.  The  most 
notable  of  these  ledges  are  at  Cove  Hollow  and  Wolfden  Hol¬ 
low.  A  dwarfed,  shrubby,  xerophytic  woods  predominates  on 
these  outcrops  and  adjacent  slopes.  The  distinct  physiogno¬ 
my  of  this  community  consists  of  a  general  openness  and  a 
preponderance  of  woody  forms  with  lustrous,  leathery  leaves. 
Two  oaks,  Quercus  marilandica  and  Q.  stellata ,  are  found  in 
abundance  on  these  dry  sites.  Juniperus  virginiana  shares 
the  dominant  role  with  these  oaks.  Although  usually  less 
abundant,  Ulmus  alata  also  forms  a  conspicuous  portion  of 
this  community;  an  occasional  Amelanchier  arborea  occurs, 
often  growing  on  the  precipitous  edge  of  a  cliff. 

The  shrub  layer  is  composed  mostly  of  Vaccineum  arbore- 
um.  Less  obvious  members  of  this  stratum  include  Rhus  aro- 
matica  and  Symphoricarpos  orbiculatus . 

Thin  patches  of  soil  in  depressions  on  the  ledges  and  on 
the  margins  of  the  loess  cap  provide  enough  substratum  to 
sustain  many  drought-resistant  herbs.  During  the  spring, 
mixtures  of  diminutive  species,  including  Houstonia  pusilla , 
Hypoxis  hirsuta ,  Oxalis  violacea ,  and  Nothoscordum  bivalve 
flower  in  a  bright  array  of  color.  Several  succulent  forms 
grow  from  the  soil-filled  crevices  and  depressions  on  the 
outcrops.  These  include  Opuntia  compressa ,  Sedum  pulchellum , 
and  Polianthes  virginica. 

In  slightly  deeper  soil  and  partial  shade  provided  by 
intermittent  trees  grow  Tradescantia  virginica ,  Antennaria 
plantaginif olia ,  Dodecatheon  meadia ,  and  grasses  such  as 
Danthonia  spicata  and  Panicum  laxif lorum.  A  conspicuous  fern 
on  these  dry  shelves  is  Cheilanthes  lanosa . 

Summer  produces  a  group  of  generally  larger  herbs  in 
this  deeper  substratum.  Among  these  are  Pycnanthemum  f lex- 
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uosum,  Psoralia  psoralioides ,  and  Stylosanthes  biflora. 

These  plants  give  way  to  the  flowering  of  several  grasses  in 
late  summer  and  fall.  Schizachyrium  scoparium/  Sorghastrum 
nutans ,  and  Aristida  spp.  are  major  components  of  the  autumnal 
herbaceous  aspect  of  this  community.  Rarely,  a  small  orchid, 
Spiranthes  tuberosa,  is  found  mixed  with  these  grasses. 

North-  and  east-facing  escarpments  have  a  less  extreme 
environment.  This  is  reflected  by  a  moderate  difference  in 
species  composition.  These  ledges  are  more  moist  and  cool 
and  support  an  abundance  of  mosses  and  lichens.  One  such 
ledge  and  adjacent  cliff  remain  constantly  moist  throughout 
the  year.  A  dense  population  of  Sphagnum  spp.  dominates  this 
site.  Under  the  cooler  conditions  provided  by  the  difference 
in  aspect,  Vaccineum  vacillans  usually  becomes  conspicuous  in 
the  shrub  layer.  Herbaceous  taxa  in  this  habitat  often 
include  Mitchella  repens ,  Phlox  bifida  and  the  ferns  Dryop- 
teris  marginalis  and  Woodsia  obtusa. 

Dripways  are  occasionally  encountered  on  the  sandstone 
shelves.  Scirpus  atrovirens ,  Cyperus  aristatus ,  Eleocharis 
tenuis  var .  verrucosa ,  and  other  sedges  commonly  occupy  these 
locally  moist  regions.  The  ephemeral  Isotes  melanopoda  inhab¬ 
its  some  of  these  dripways,  although  its  aerial  portions  are 
withered  away  by  late  spring. 

Dry  Woods  Communities 

Upslope  from  the  bare  sandstone  ledge  community,  the 
soil  of  the  loess  cap  thickens  significantly  and  the  composi¬ 
tion  of  the  vegetation  changes.  Highly  permeable  soil,  gen¬ 
erally  low  in  organic  matter,  and  the  high  topographic  posi¬ 
tion  produce  a  dry  woods  with  an  open  canopy.  The  arbores¬ 
cent  forms  are  less  scrubby  than  those  of  the  xeric  ledge 
community,  although  seldom  large  in  stature.  Composing  the 
canopy  are  several  oaks,  including  Quercus  stellata ,  Q. 
velutina ,  Q.  muhlenbergii  and  Q.  alba .  Other  tree  species 
commonly  intermixed  with  these  are  Fraxinus  pennsylvanica , 
Carya  spp. ,  Acer  saccharum ,  and  Juniperus  virginiana .  Woody 
vines  found  on  these  slopes  include  Smilax  spp.,  Vitis  spp., 
Toxicodendron  radicans ,  and  intermittent  colonies  of 
Lonicera  j aponica .  The  latter  species  occurs  particularly  in 
woods  bordering  ridgetop  fields  or  other  disturbances. 

Shrubby  plants  of  the  understory  are  Rosa  Carolina ,  Vaccineum 
arboreum,  Cornus  spp. ,  and  Hypericum  spathulatum.  Some  of 
the  forbs  of  this  community  are  Penstemon  digitalis ,  Houston- 
ia  longif olia ,  Liparis  liliif olia ,  and,  rarely,  Ranunculus 
harveyi ,  all  of  vernal  and  late  vernal  aspect.  Summer  and 
fall  yield  species  such  as  Corallorhiza  ondontorrhiza ,  Desmo- 
dium  nudif lorum ,  Galium  spp. ,  Solidago  petiolaris ,  and  Aster 
spp.  Ferns  regularly  encountered  in  these  woods  are  Dryop- 
teris  marginalis ,  Polystichum  acrostichoides ,  Woodsia  obtusa , 
and  Asplenium  platyneuron .  Danthonia  spicata ,  Shizachyrium 
scoparium,  and  Bromus  spp.  are  a  few  of  the  grasses  which 
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play  a  conspicuous  role  in  this  community.  Of  note  is  Chas- 
manthium  latifolium,  which  forms  extensive,  nearly  pure,  local 
stands,  usually  adjacent  to  sites  of  disturbance. 

Old  Field  Communities 

Most  of  the  old  fields  at  Cedar  Lake  are  on  the  ridge- 
tops  which  surround  the  lake.  The  soils  of  these  fields  are 
deep,  well  drained,  and  formed  in  loess.  Having  been  culti¬ 
vated  in  the  past,  these  open  ridgetops  exhibit  several 
stages  of  succession.  An  abundance  of  herbaceous  species 
inhabit  these  habitats.  In  the  spring  small  cruciferous 
herbs,  including  Capsella  bursa-pastoris ,  Draba  brachycarpa , 
Lepedium  virginianum,  and  Arabidopsis  thaliana  are  common. 

Many  species  of  the  Compositae  and  the  Poaceae  become  con¬ 
spicuous  in  the  summer  and  fall.  Eupatorium  serotinum,  Cir- 
cium  discolor ,  Solidago  spp. ,  Aster  spp. ,  Erigeron  spp. ,  Vul- 
pia  octoflora,  Hordeum  pusillum,  Andropogon  virginicus ,  and 
Elymus  canadensis  are  but  a  few  of  the  many  taxa  which  flower 
during  this  time.  Other  abundant  herbs  are  Ranunculus  abor- 
tivus ,  Plantago  virginica ,  Trifolium  spp.,  Melilotus  spp., 
and  Desmodium  spp.  Woody  species  can  be  found  in  all  of  the 
old  fields  but  those  which  were  most  recently  cultivated. 

Often  encountered  are  Juniperus  virginiana ,  Diospyros  virgin- 
iana ,  Sassafras  albidum,  Gleditsia  triacanthos ,  and  Juglans 
nigra . 


In  several  locations  abandoned  fields  occupy  a  low  topo¬ 
graphic  position.  Trees  found  in  these  fields  include  Betula 
nigra ,  Platanus  occidentalis ,  Salix  nigra ,  and  Acer  rubrum. 
The  moist  depressions  and  regions  nearest  the  lake  are  domi¬ 
nated  by  herbaceous  forms  such  as  Juncus  spp. ,  Scirpus  atro- 
virens ,  Carex  spp.,  and  several  members  of  the  Polygonaceae . 
Festuca  pratensis ,  Glyceria  striata ,  Leerzia  oryzoides ,  and 
occasionally  Muhlenbergia  X  curtisetosa  are  grasses  that 
inhabit  the  drier  portions  of  these  low  fields. 

Disturbed  Communities 

Under  this  general  class  are  lumped  old  homesites,  park¬ 
ing  lots,  and  highly  disturbed  portions  of  communities  already 
discussed . 

Within  the  study  area  are  sixteen  old  homesites  which 
have  been  purchased  by  the  United  States  Forest  Service  or 
the  City  of  Carbondale  at  various  times  in  the  past.  These 
sites  have  been  allowed,  for  the  most  part,  to  return  gradu¬ 
ally  to  their  natural  state.  Many  are  filled  with  rank 
annuals  and  pioneer  arborescent  taxa  like  Sassafras  albidum , 
Diospyros  virginiana ,  and  Rubus  spp.  Others  still  clearly 
show  the  care  given  them  by  the  original  landowners.  Their 
condition  is  generally  a  reflection  of  how  long  the  land  has 
been  deserted,  its  topographic  position,  and  the  state  in 
which  it  was  left.  Those  homesites  on  low  slopes  and  near 
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streams  are  all  but  obliterated  by  Lonicera  j aponica ,  Camp- 
sis  radicans ,  and  Rubus  spp.  Most  of  the  homesites  in  the 
area,  however,  are  located  on  or  near  ridgetops.  The  on¬ 
slaught  of  pioneer  species  is  usually  much  less  pronounced 
on  these  sites. 

These  former  homes  offer  an  unusual  and  interesting  as¬ 
pect  to  this  study.  In  the  spring  most  display  an  array  of 
.formerly  cultivated  ornamentals.  Narcissus  pseudo-narcissus 
and  Iris  germanica  are  nearly  ubiquitous  to  these  old  farm¬ 
yards.  Syringa  vulgaris ,  Forsythia  viridissima ,  and  F.  sus- 
pensa  are  conspicuous  portions  of  the  vernal  aspect  on  sev¬ 
eral  localities.  A  total  of  forty-nine  taxa  of  plants  were 
found  to  be  associated  with  homesites  and  surrounding  areas. 
Some  of  these  are  ephemeral  and  will  soon  lose  the  struggle 
with  the  better  adapted  native  plants.  Others  show  signs  of 
persisting  for  many  years. 

Several  parking  lots  provided  a  habitat  for  a  few  spe- 
cies.  Ama ran thus  spinosus ,  Polanisia  dodecandra ,  Polygonum 
prolif icum,  Chenopodium  polyspermum,  and  various  species  of 
annual  grasses  occurred  on  the  edges  and  in  unused  portions 
of  these  lots.  Some  of  these  species  were  found  nowhere 
else . 


The  native  community  which  showed  the  most  disturbance 
was  the  upland,  dry  woods  community.  Those  locations  show¬ 
ing  the  worst  disruption  of  the  native  state  border  ridge- 
top  fields.  Several  weedy  species  like  Phytolacca  americana, 
Eupatorium  serotinum,  Chenopodium  spp. ,  and  Agr irnonia  parvi- 
f lora  cover  the  formerly  open-woods  floor.  Woody  invaders 
include  Robinia  pseudo-acacia ,  Prunus  serotina ,  Sassafras  al- 
bidum,  and  Acer  negundo .  Other  localities  adjacent  to  habi¬ 
tations,  parking  lots,  trails,  and  old  roads  showed  similar 
indications  of  disturbance. 

THE  FLORA 

Methods  and  Materials 

The  collection  of  vascular  plants  for  the  study  began  in 
late  September,  1975,  and  was  continued  until  December,  1976. 
Voucher  specimens  were  placed  in  the  herbarium  of  Southern 
Illinois  University. 

The  identification  of  the  collected  material  was  made 
with  the  aid  of  the  following  floras  and  manuals:  Mohlen- 
brock  (1967  ,  1970  ,  1973  ,  1975),  Fernald  (1950),  Gleason  (1963), 
Steyermark  (1963),  and  Bailey  (1949).  Some  of  the  specimens 
were  verified  with  material  from  the  herbarium  at  Southern 
Illinois  University. 

Nomenclature  of  taxa  previously  recorded  from  Illinois 
follows  that  of  Mohlenbrock  (1975)  with  the  following 


133 


exceptions : 


Contrary  to  Mohlenbrock  (1975),  Fernald's  (1950)  split¬ 
ting  of  Desmodium  dillenii  into  two  separate  species,  D.  gla- 
bellum  and  D.  perplexum,  has  been  accepted.  These  taxa,  dif¬ 
fering  in  the  pubescence  of  the  stems,  the  persistence  of  the 
stipules,  and  the  shape  of  the  leaflets,  seem  to  have  suffi¬ 
cient  basis  for  species  designations. 

Also  differing  from  Mohlenbrock  (1975) ,  who  considers 
Solidaga  hispida  equivalent  to  S.  bicolor  var .  concolor ,  the 
former  taxon,  in  this  work,  is  considered  a  distinct  species 
due  to  differences  in  the  color  of  the  inflorescence  and  the 
outer  phyllaries. 

The  nomenclature  for  taxa  which  had  not  been  recorded 
for  Illinois  before  this  study  follows  Bailey  (1949)  ,  Fernald 
(1950)  ,  or  Steyermark  (1963)  . 

The  plant  community  to  which  each  taxon  is  assigned  is 
based  on  field  observation  and  collection  data.  A  code  is 
used  in  the  annotated  list  to  indicate  the  plant  community  in 
which  each  plant  is  found:  1  =  Aquatic  community,  2  =  Stream- 
bank  community,  3  =  Mesic  ravine  community,  4  =  Xerophytic 
ledge  community,  5  =  Dry  woods  community,  6  =  Old  field  com¬ 
munity,  and  7  =  Disturbed  community.  The  frequency  of  occur¬ 
rence  is  given  only  for  those  taxa  considered  to  be  rare. 
Others  are  interpreted  as  being  common  or  occasional. 

Fifty-four  Illinois  species  were  collected  which  were 
previously  unreported  from  Jackson  County.  In  the  annotated 
list  these  county  records  are  indicated  by  an  asterisk  (*) 
preceding  the  binomial.  Taxa  not  previously  reported  from 
Illinois  are  marked  with  a  double  asterisk  (**).  Ephemeral 
homesite  taxa  are  not  considered  state  records.  Thirteen  new 
taxa  for  Illinois  were  recorded  during  this  study. 

Rare  and  Unusual  Plants  of  Cedar  Lake 


Due  to  the  presence  of  Southern  Illinois  University, 
Jackson  County  has  been  well  explored  botanically.  Neverthe¬ 
less,  many  unusual  plants  were  found  in  this  study. 

One  of  the  rarest  taxa  occurring  in  the  study  area  is 
Bromus  nottowayanus  which,  until  its  discovery  here,  had  been 
known  from  only  five  counties  in  north  and  north-central 
Illinois.  This  species  was  found  in  mesic  to  dry  woods  in 
three  locations  at  Cedar  Lake.  A  combination  of  rounded  lem¬ 
mas  and  a  drooping  inflorescence  clearly  defines  this  taxon. 

Two  species  of  the  genus  Poa  which  are  quite  rare  in  the 
state  were  also  found.  Both  are  known  from  only  one  other 
county  in  Illinois.  Poa  angustif olia  occurs  in  a  field  adja¬ 
cent  to  dry,  upland  woods,  its  only  location.  The  second 
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species,  P_.  autumnalis ,  also  collected  from  only  one  site, 
inhabits  rich,  mesic  woods. 

Huhlenbergia  X  curtisetosa ,  a  species  of  northern  dis¬ 
tribution,  forms  a  rather  large,  nearly  pure  colony  in  a 
moist  field  near  Topping  Creek.  Its  longer,  acute  to  aris- 
tate  glumes  separate  it  from  the  common  M.  shreberi . 

New  Records  for  Illinois 

Five  taxa  not  associated  with  old  homesites  or  similar 
disturbances  were  collected  during  this  study  which  had  not 
been  previously  reported  for  the  state.  All  five  were  quite 
rare  in  the  Cedar  Lake  area.  Polygonum  hydropiperoides  var. 
bushianum  was  found  growing  from  the  edge  of  a  rocky  creek 
in  rich,  mesic  woods.  Its  major  distribution  is  south  and 
west  of  Illinois. 

Solidago  arguta ,  a  form  with  glabrous  lower  leaf  sur¬ 
faces  and  achenes,  occurs  on  the  edge  of  some  upland  woods. 
Although  Fernald  (1950)  attributes  Illinois  to  the  range  of 
this  taxon,  neither  Jones  et  cCL.  (1955)  nor  Mohlenbrock  (per¬ 
sonal  communication)  know  of  any  prior  collection  in  Illinois 
assignable  to  the  typical  variety  of  this  species..  Mohlen¬ 
brock  (1975)  records  S.  arguta ,  but  this  report  is  based  on 
a  collection  of  S.  strigosa,  a  taxon  considered  by  Mohlen¬ 
brock  at  that  time  to  be  equivalent  to  S_.  arguta. 

Another  goldenrod,  Solidago  neurolepis ,  was  discovered 
at  the  edge  of  a  dry  woods  community.  Fernald  (1950)  limits 
the  range  of  this  species  to  Missouri.  Steyermark  (1963) 
states  that  this  taxon  is  known  from  only  one  locality  in 
Missouri . 

The  final  two  taxa  were  collected  before  in  Illinois  but 
never  correctly  recorded.  Solidago  hispida  var.  lanata ,  ac¬ 
cording  to  Fernald  (1950),  has  an  extreme  northern  distribu¬ 
tion  including  Maine  and  southern  portions  of  Canada.  Her¬ 
barium  searches,  however ,  have  turned  up  a  number  of  speci¬ 
mens  which  were  assigned  to  the  typical  variety  but  which  had 
lanate  stems  and  pilose  leaf  surfaces.  These  correspond 
closely  with  Fernald' s  (1950)  S.  hispida  var.  lanata .  The 
Cedar  Lake  specimen  was  found  growing  from  a  crack  in  sand¬ 
stone  on  a  xeric  bluff top. 

Inhabiting  rich,  mesic  woods,  Diarrhena  americana  was 
found  in  one  locality  in  the  study  area.  This  taxon  differs 
from  Dj,  americana  var.  obovata  in  possessing  longer  glumes 
and  lemmas,  the  latter  being  acuminate  in  the  typical  variety 
and  abruptly  rounded  in  var.  obovata .  Specimens  of  the  state 
record  taxon  were  found  in  the  herbarium  of  Southern  Illinois 
University  which  had  been  erroneously  placed  in  the  genus 
Bromus . 
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Taxonomic  Summary 


A  total  of  941  vascular  taxa  were  collected  and  identi¬ 
fied  from  Cedar  Lake.  Of  this  number  27  are  ferns  or  fern 
allies,  8  are  gymnosperms,  and  906  are  angiosperms.  A  total 
of  103  families  are  represented.  The  families  with  the 
largest  number  of  taxa  are  Poaceae  (130),  Compositae  (105), 
Leguminosae  (59) ,  and  Cyperaceae  (51) .  The  largest  genera 
are  Carex  (37  taxa) ,  Panicum  (32  taxa) ,  Polygonum  (18  taxa) , 
and  Solidago  (15  taxa) . 

ANNOTATED  LIST  OF  VASCULAR  PLANTS 


EQUISETACEAE 

Equisetum  arvense  L.  1,  2. 
Equisetum  nyemale  L.  var. 
affine  (Engelm. ) 

A.  A.  Eaton  1,  2. 

ISOETACEAE 

Isoetes  melanopoda  Gay  &  Dr.  4. 
OPHIOGLOSSACEAE 

Botrychium  dissectum  Spreng.  3. 
Botrychium  dissectum  Spreng. 

var..  obliquum  (Muhl.) 
Clute.  3. 

Botrychium  virginianum  ( L . )  Sw . 

3  ,  5 . 

Qphioglossum  vulgatum  L.  var. 

pycnostichum  Fern.  5. 

POLYPOD I AC EAE 

Adiantum  pedatum  (Tourn.)  L.  3. 
Cheilanthes  lanosa  (Michx.) 

D.  C.  Eaton.  5. 
Polypodium  vulgare  L.  var. 

virginianum  (L.)  Eaton. 
3. 

Polypodium  polypodioides  (L. ) 

Watt  var.  michauxianum 
Weatherby.  5. 

Polystichum  acrostichoides 

(Michx.)  Schott.  3,  5. 
Polystichum  acrostichoides  f . 

incisum  (Gray)  Gilbert. 

3. 

Onoclea  sensibilis  L.  2,  3. 
Thelypteris  hexagonoptera 

(Michx.)  Weatherby.  3. 


Dryopteris  marginalis  ( L . ) 
Gray.  3. 

Athyrium  pycnocarpon 

(Spreng.)  Tidestrom. 

3. 

Athyrium  the lyp ter io ides 
(Michx. )  Desv .  3 . 
Athyrium  f elix-f emina  (L.) 

Roth  var.  rubellum 
Gilb.  3. 

Athyrium  f elix-f emina  ( L . ) 

Roth  var .  aspleni- 
oides  (Michx.)  Farw. 

3. 

Asplenium  rhizophyllum  L.  3. 
Asplenium  pinnatif  idum  Nutt.  4  . 
Asplenium  trichomanes  L.  3. 
Asplenium  platyneuron  (L.) 

Oakes,  3,  5,  6. 

Woods i a  obtusa  (Spreng.) 

Torr.  3,  5. 

*Cystopteris  f ragilis  (L.) 
Bernh.  3.  Rare. 
Cystopteris  f ragi lis  (L.) 

Bernh.  var.  protrusa 
Weatherby.  3. 

PINACEAE 

Pinus  strobus  L.  6. 

*Pinus  echinata  Mill.  6. 

Pinus  taeda  L.  7. 

*Pinus  sylvestris  L.  7. 

TAXOD I ACE AE 

Tax odium  distichum  ( L . ) 

Rich.  7. 
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CUPRESSACEAE 

Thu j a  occidentalis  L.  7. 

Thuja  orientalis  L.  7. 
Juniperus  virginiana  L.  4 ,  5 , 

6 . 

TYPHACEAE 

Typha  latifolia  L.  1,  2. 

NAJADACEAE 

Naj as  minor  All.  1. 

POTAMOGETONACEAE 

Potamogeton  f oliosus  Raf.  1. 
Potamogeton  nodosus  Poir.  1. 

ALISMACEAE 


Poa  annua  L.  7. 

*Poa  autumnalis  Muhl.  5. 


Rare . 

Poa 

pratensis  L. 

6, 

7  . 

Poa 

angustif olia 

L. 

5. 

Rare . 

Poa 

compressa  L. 

4, 

5. 

Poa 

sylvestris  Gray 

.  3. 

Dactylis  glomerata 

L.  6 ,  7 

Sphenopholis  obtusata 

(Michx.)  Scribn. 
var.  major  (Torr.) 
Erdman .  6 . 

Sphenopholis  nitida  (Bieh- 
ler)  Scribn.  3. 
*Avena  f atua  L.  2. 

Avena  sativa  L.  9. 

Holcus  lanatus  L.  7. 
Agrostis  elliottiana 
Schult.  4. 

Argrostis  hyemalis  (Walt.) 


Sagittaria  calycina  Engelm. 

1. 

Sagittaria  latifolia  Willd. 

1. 

Alisma  subcordatum  Raf.  1,  2. 
POACEAE 


Bromus  tectorum  L.  7. 
*Bromus  nottowayanus  Fern 
Rare . 

secalinus  L.  7. 

L.  3 . 

6, 


Bromus  _ 

Bromus  racemosus 


Bromus  _ 

Bromus  inermis 
Bromus 
Bromus 
Vulpia 

Vuloia 


7 

7 


arvensis  L. 

_  Leyss. 

pubescens  Muhl .  5 . 
ciliatus  L.  2 . 
octof lora  (Walt.) 
Rydb.  6. 

octof lora  (Walt.) 

tenella 


duriscu- 


Rydb.  var  _ 

(Willd.)  Fern. 

Festuca  ovina  L.  var.  _ 

la  (L. )  Koch.  6 . 
Festuca  rubra  L.  7. 

Festuca  pratensis  Huds .6,7 
Festuca  pratensis  Huds.  f. 

aristata  Holmb.  6. 
Festuca  arundinacea  Schreb. 

3. 

7. 


Festuca  obtusa  Bieler. 
Lolium  multiflorum  Lam. 

7 . 


Lolium  perenne  L. 


BSP.  5,  6. 

* Agrostis  scabra  Willd.  6. 
Argrostis  perennans  (Walt.) 

Tuckerm.  4,  5. 
Agrostis  alba  L .  3 ,  5 . 
Agrostis  alba  L.  var. 

pallustris  (Huds.) 
Pers.  6.  Rare. 

Cinna  arundinacea  L .  3. 
Phalaris  arundinacea  L.  2. 
Alopecurus  carolinianus 
Walt.  6. 

Phleum  pratense  L .  6 ,  7 . 
Elymus  hystr ix  L .  3 ,  5 . 
Elymus  virginicus  L .  3 ,  5 . 
Elymus  riparius  Wiegand.  5. 
Elymus  villosus  Muhl.  3. 
Elymus  canadensis  L,  6,  7. 
Hordeum  pusillum  Nutt.  4, 

6  . 

Triticum  aestivum  L.  7. 
Secale  cereale  L.  7. 

Glyceria  striata  (Lam.) 

Hitchcock.  3. 
Brachyelytrum  erectum 

(Schreb.)  Beauv.  3. 
**Diarrhena  amer icana  Beauv. 

3 .  Rare . 

Diarrhena  americana  Beauv. 

var.  obovata  Gleason. 

3. 
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Digitaria  sanguinalis  (L. ) 

Scop.  7. 

Digitaria  ischaemum  (Schreb.) 
Muhl.  7. 

*Digitaria  f ilif ormis  (L.)  Koel. 
6.  Rare. 

Paspalum  publif lorum  Rupr. 

var.  glabrum  (Vasey) 
Vasey.  5,  6. 

Paspalum  laeve  Michx.  6,  7. 
Paspalum  ciliatif olium  Michx. 

6,  7. 

Panicum  dichotomif lorum  Michx. 

6,7. 

Panicum  dichotomif lorum  Michx. 

var.  geniculatum  (Muhl.) 
Fern.  7. 

Panicum  flexile  (Gattinger) 
Scribn.  4. 

*Panicum  philadelphicum  Bernh. 

4. 

Panicum  capillare  L.  6. 

Panicum  rigidulum  Bose.  6. 
*Panicum  rigidulum  Bose.  var. 

condensurn  (Nash)  Mohlen- 
brock.  6. 

Panicum  anceps  Michx.  6. 

*Panicum  perlongum  Nash.  6. 

Rare . 

Panicum  linearif olium  Scribn. 

6. 

Panicum  laxif lorum  Lam.  5 
Panicum  microcarpon  Muhl.  6. 
Panicum  dichotomum  L.  6. 

Panicum  dichotomum  L.  var. 

barbulatum  (Michx.) 

Wood.  5. 

Panicum  lanuginosum  Ell.  6.  7. 
Panicum  lanuginosum  Ell.  var. 
implicatum  (Scribn.) 

Fern.  6. 

Panicum  lanuginosum  Ell.  var. 

lindheimeri  (Nash)  Fern. 

3 ,  5 ,  6. 

Panicum  lanuginosum  Ell.  var. 

septentrionale  (Fern. ) 
Fern.  6,  7. 

Panicum  praecocius  Hitchc.  & 
Chase.  6,  7. 

Panicum  villosissimum  Nash.  6. 
Panicum  sphaerocarpon  Ell.  6,  7. 
Panicum  sphaerocarpon  Ell.  var. 

inf latum  (Scribn.  &  Sm. ) 
Hitchc.  4.  Rare. 


Panicum  polyanthes  Schult. 

5,  6. 

Panicum  malacophy Hum  Nash. 

4.  Rare. 

Panicum  oligosanthes  Schult. 
var .  scribnerianum 
(Nash)  Fern.  5. 
Panicum  commutatum  Schult. 

6. 

Panicum  clandestinum  L.  6. 

7. 

Panicum  boscii  Poir.  3,  5. 
Echinochloa  crus-galli  (L. ) 
Beauv.  1,  7. 

Echinochloa  pungens  (Poir.) 
Rydb .  1 . 

Echinochloa  pungens  (Poir.) 
Rydb.  var.  micro- 
stachya  (Wieg.) 

Mohl.  1. 

Echinochloa  pungens  (Poir.) 

Rydb.  var.  wiegandii 
Fassett.  1. 

Setaria  lutescens  (Weigel) 
Hubb.  7. 

Setaria  f aberi  Herrm.  6,  7. 
Setaria  viridis  (L.)  Beauv. 

7  . 

*Setaria  viridis  (L.)  Beauv. 

var.  major  (Gaudin) 
Pospichal.  1.  Rare. 
Mi sc an thus  sinensis  Anderss. 
var .  variegatus 
Beal.  7. 

Erianthus  ravennae  (L.) 
Beauv.  7. 

Erianthus  alopecuroides 
(L.)  Ell.  5 ,  7. 
Sorghum  halepense  ( L . ) 

Pers.  7. 

Sorghastrum  nutans  (L.) 

Nash.  4,  7. 

Andropogon  gerardii  Vitman. 

5 .  Rare . 

Andropogon  virginicus  L. 
6,7. 

Andropogon  elliotii  Chapm. 

6  . 

Schizachyrium  scoparium 
(Michx.)  Nash.  6. 
Tripsacum  dactyloides  (L.) 

L.  4.  Rare 
Zea  mays  L.  7 . 
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Eragrostis  hypnoides  (Lam.) 

BSP.  1. 

Eragrostis  cilianesis  (All.) 
Mosher.  7. 

Eragrostis  poaeoides  Beauv.  7. 
Eragrostis  spectabilis  (Pursh) 
Steud.  5,  6. 

Eragrostis  pectinacea  (Michx.) 
Nees.  7. 

Tridens  flavus  (L.)  Hitchcock. 

6  ,  7. 

Muhlenbergia  schreberi  J .  F . 

Gme 1 .  3 . 

*Muhlenbergia  X  curtisetosa 

(Schribn.)  Pohl.  6.  Rare. 
Muhlenbergia  sobolif era  (Muhl . ) 
Trin.  3. 

*Muhlenbergia  bushii  Pohl .  5 . 
Muhlenbergia  f rondosa  (Poir.) 
Fern.  4,  5. 

Muhlenbergia  sylvatica  (Torr.) 
Torr.  5.  Rare. 

Eleusine  indica  (L.)  Gaertn.  7. 
Cynodon  dactylon  (L.)  Pers.  7. 
Aristida  oligantha  Michx.  6. 
Aristida  purpurascens  Poir.  4. 
Aristida  ramosissima  Engelm.  4,6 
Aristida  longespica  Poir.  6. 
Aristida  dichotoma  Michx.  4,  6. 

* Aristida  curtissii  (Gray)  Nash. 
4.  Rare. 

Arundinaria  gigantea  (Walt.) 
Chapm.  3. 

Leersia  oryzoides  (L.)  Swartz. 

1,  6  . 

Leersia  virginica  Willd.  3. 
Danthonia  spicata  (L.)  Beauv.  4. 
Chasmanthium  latif olium  (Michx.) 
Yates.  3,  5. 


Eleocharis  acicularis  (L.) 

Roem.  &  Schultes.  1, 

7. 

Eleocharis  tenuis  (Willd.) 
Schult.  var.  ver¬ 
rucosa  (Svenson) 
Svenson.  1,  4,  7. 
Bulbostylis  capillaris  ( L .  ) 
C.  B.  Clarke.  4. 
Scirpus  atrovirens  Willd. 

1,  7. 

Scirpus  cyperinus  (L.) 
Kunth.  1,  7. 

Carex  retrof lexa  Muhl.  3. 
Carex  texensis  (Torr.) 
Bailey .  6 ,  7 . 

Carex  convoluta  Mack.  1,  7. 
Carex  rosea  Schk.  1,  2,  7. 
*Carex  socialis  Mohlenbr.  & 
Schwegm.  5.  Rare. 
Carex  cephalophora  Muhl.  5, 
6. 

Carex  leavenworthii  Dewey. 

3. 

Carex  muhlenbergii  Schk.  1, 
7. 

Carex  austrina  (Small) 

Mack.  5,  6. 

Carex  vulpinoidea  Michx.  1, 

7  . 

Carex  annectens  Bickn.  1, 

7. 

Carex  muskingumensis 
Schwein.  2. 

Carex  scoparia  Schk.  1,  7. 
Carex  tribuloides  Wahlenb. 

1,  7. 

Carex  normalis  Mack*  1,  7. 
Carex  tenera  Dewey.  1,  7. 
Carex  brevior  (Dewey)  Mack. 


CYPERACEAE 

Cyperus  aristatus  Rottb.  1,  7. 
Cyperus  ovularis  (Michx.)  Torr. 

6. 

Cyperus  ery throrhizos  Muhl.  6, 

7. 

Cyperus  esculentus  L.  var.  lep- 
tostachyus  Boeckl.  1. 
Cyperus  strigosus  L.  1,  7. 
*Eleocharis  ery thropoda  Steud.  1. 
Eleocharis  obtusa  (Willd.)  Schult 
Eleocharis  obtusa  (Willd.)  Schult 
var.  detonsa  (Gray)  Drap. 

&  Mohlenbr.  1,  7. 


1,  7. 

Carex  molesta  Mack.  5,  6. 
Carex  jamesii  Schwein.  3, 

5. 

Carex  artitecta  Mack .  3 . 
Carex  shortiana  Dewey.  3. 
Carex  hirsutella  Mack.  5. 
Carex  bushii  Mack.  5,  6. 
Carex  graci llima  Schwein. 

1 .  Rare . 

Carex  amphibola  Steud.  1,  7. 
Carex  gr isea  Wahlenb.  3. 
Carex  glaucodea  Tuckerm.  5. 
Carex  careyana  Torr.  3. 

Rare . 
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Carex  albursina  Sheldon  3. 

*Carex  laxif lora  Lam.  6.  Rare. 
*Carex  striatula  Michx.  5. 

Carex  blanda  Dewey .  3 ,  5 . 

Carex  gracilescens  Steud.  3. 
Carex  f rankii  Kunth.  1,  7. 

Carex  lurida  Wahlenb.  1,  7. 

Carex  lupulina  Muhl .  1 ,  7 . 

Carex  lupuliformis  Sartwell. 

1,  7. 

ARACEAE 

Acorus  calamus  L.  7. 

Arisaema  dracontium  (L. )  Schott. 

3. 

Arisaema  triphyllum  (L.) 

Schott.  3. 

LEMNACEAE 

Spirodela  polyrhiza  (L.) 

Schleiden.  1. 

Lemna  minor  L.  1. 

*  Lenin  a  obscura  (Austin)  Daubs. 

1 .  Rare . 


COMMELINACEAE 


Tradescantia  subaspera  Ke r .  3 . 
Tradescantia  ohiensis  Raf.  5. 
Tradescantia  virginiana  L.  5. 
Commelina  communis  L.  1,  7. 
Commelina  diffusa  Bu rm .  2 . 
Commelina  yirginica  L .  1 ,  7 . 


JUNCACEAE 


Luzula 


Luzula 


Juncus 


Juncus 
* Juncus 


Juncus 


Juncus 

Juncus 

Juncus 

Juncus 


multiflora  (Retz.) 
Lejeune.  3. 
multiflora  (Retz. ) 
Lejeune  var.  echinata 
(Small)  Mohlenbr.  5. 
ef f usus  L.  var.  solu- 
tus  Fern.  &  Wieg.  1,  7. 
bif lorus  Ell.  1 ,  7 . 
marginatus  Rostk.  7. 

Rare . 

brachycephalus  (Engelm.) 
Buch.  1,  7. 

torreyi  Coville.  1,  7. 
dif f usissimus  Buckl .  7 . 
nodatus  Coville.  1,  7. 
acuminatus  Michx.  1,  7. 


Juncus  tenuis  Willd.  7. 
Juncus  interior  Wieg.  1,  7. 

LILIACEAE 

Lilium  michiganense  Farw. 

3. 

Hemerocallis  f ulva  L .  7 . 
Hemerocallis  f lava  L.  7. 
Hemerocallis  sp.  7. 
Ornithogalum  umbellatum  L. 

3 ,  7. 

Muscari  boytryoides  (L.) 
Mill.  7. 

Muscari  atlanticum  Boiss.  & 
Reut.  7. 

Erythronium  americanum  Ker. 

3. 

Uvularia  grandif lora  Sm .  3 . 
Polygonatum  commutatum 

(Schult.)  A.  Dietr. 

3  . 

Polygonatum  biflorum  (Walt.) 
Ell.  5. 

Smilacina  racemosa  (L.) 

Desf.  3. 

Asparagus  officinalis  L.  6. 

7. 

Lycoris  radiata  Herb.  7. 
Allium  canadense  L .  1 ,  7 . 
Allium  vineale  L .  6 . 
Nothoscordum  bivalve  (L.) 
Britt .  4 ,  5 . 

Trillium  recurvatum  Beck.  3. 
Trillium  f lexipes  Raf .  3 . 
Rare . 

Yucca  f ilamentosa  L.  var. 

smalliana  (Fern.) 
Ahles .  7 . 

Narcissus  pseudo-narcissus 

L.  7  . 

Narcissus  poeticus  L .  7 . 
Polianthes  virginica  (L.) 

Shinners.  4. 

Hypoxis  hir suta  (L.) 

Coville.  4. 

SMILACACEAE 

Smilax  glauca  Walt.  5. 

Smilax  bona-nox  L.  5. 

Smilax  rotundif olia  L .  5 . 
Smilax  hispida  Muh 1 .  3 ,  5 . 
Smi lax  pulverulenta  Michx .  5  . 
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DIOSCOREACEAE 

Dioscorea  villosa  L .  3 ,  5  . 
Dioscorea  quaternata  (Walt.) 

J .  F .  Gme 1 .  3 . 

IRIDACEAE 

*Iris  germanica  L.  7. 

Iris  pseudacorus  L.  7. 
Belamcanda  chinensis  (L.) 

DC.  7  . 

Sisyrinchium  angustif olium 
Mill.  6. 

Sisyrinchium  albidum  Raf .  6 ,  7 . 
ORCHIDACEAE 

Orchis  soectabilis  L.  3.  Rare. 
Liparis  liliif olia  (L.)  Rich. 
Spiranthes  ovalis  Lindl.  3. 
Spiranthes  cernua  (L.)  Rich. 

6. 

*Spiranthes  magnicamporum 
Sheviak.  4.  Rare. 
Spiranthes  gracilis  (Bigel.) 

Beck.  6.  Rare. 

Spiranthes  tuberosa  Raf .  4  . 
Goodyera  pubescens  (Willd.) 

R.  Br .  3.  Rare. 

Corallorhiza  wisteriana  Conrad. 

3. 

Corallorhiza  odontorhiza 
(Willd . )  Nutt .  5 
Aplectrum  hyemale  (Muhl.)  Torr. 

3. 

*Tipularia  discolor  (Pursh) 

Nutt.  3.  Rare. 

SAURURACEAE 

Saururus  cernuus  L.  2. 

SALICACEAE 

Salix  nigra  Marsh.  1,  2,  7. 
Salix  f ragilis  L.  7. 

Salix  alba  l.  var.  calva 
G .  F .  W .  Mey .  6 . 

Salix  interior  Rowlee.  2 
Salix  interior  Rowlee  f. 

wheeleri  (Rowlee) 
Rouleau.  7.  Rare. 


Salix  matsudana  Kordz.  var. 

tortuosa  Hort.  2. 
Populus  deltoides  Marsh.  2, 

7. 

Populus  alba  L .  7 . 

JUGLANDACEAE 

Juglans  cinerea  L.  3.  Rare. 
Juglans  nigra  L .  3 ,  7 . 
Juglans  regia  L.  7. 

Carya  illinoensis  (Wang.) 

K.  Koch,  3. 

Carya  cordif ormis  (Wang.) 

K.  Koch,  5. 

Carya  texana  Buckl.  5. 

Carya  ovalis  (Wang.)  Sarg. 

3,  5. 

Carya  glabra  (Mill.)  Sweet. 

3. 

Carya  tomentosa  (Poir.) 

Nutt.  3. 

Carya  ovata  (Mill.)  K.  Koch. 

3. 

Carya  laciniosa  (Michx. ) 
Loud.  3. 

BETULACEAE 

Betula  nigra  L .  2 ,  7 . 

*Alnus  glutinosa  (L. ) 

G  aertn.  7. 

Corylus  americana  Walt.  5, 

7  . 

Ostrya  virginiana  (24ill.) 

K.  Koch.  3. 

Carpinus  caroliniana  Walt. 

3. 

FAGACEAE 

Fagus  grandif olia  Ehrh.  3. 
**Castanea  mollissima  Blume . 

7  . 

Quercus  imbricaria  Michx. 

5. 

Quercus  marilanaica  Muenchh. 

4. 

Quercus  f alcata  Michx.  5. 
Quercus  velutina  Lam.  5. 

*  Quercus  velutina  Lam .  f . 
missouriensis 
(Sarg.)  Trel.5.  Rare. 
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* *Quercus  velutina  Lam.  f. 

pagodaef ormis  Trel. 

4.  Rare. 

Quercus  rubra  L.  3. 

Quercus  shumardii  Buckley. 

3. 

Quercus  coccinea  Muenchh. 

4,  5. 

Quercus  muhlenbergii  Engelrn. 

3  ,  5. 

Quercus  alba  L.  3,  5. 

Quercus  stellata  Wangh.  4. 

ULMACEAE 

Ulmus  rubra  Muhl.  2,  7. 


Ulmus 

americana 

L. 

3. 

*Ulmus 

pumila  L. 

7. 

Ulmus 

alata  Michx. 

4,  5 

Celtis  occidentalis  L. 

3 ,  7. 

Celtis  occidentalis  L.  var. 

canina  (Raf.)  Sarg. 
6.  Rare. 

Celtis  laevigata  Willd.  3, 


7. 

Celtis 

laevigata  Willd. 

var . 

texana  Sarg.  3. 

Celtis 

tenuifolia  Nutt. 

4. 

Celtis 

tenuifolia  Nutt. 

var . 

georgiana  (Small) 
Fern.  &  Schub.  4. 


MORACEAE 

Morus  rubra  L.  3,  5,  7. 

Morus  alba  L.  3 ,  5  r  7 . 

Morus  alba  L .  f .  skeletoni- 

ana  (Schneider)  Rehder. 

3. 

Broussonetia  papyrifera  (L.) 

L' Her .  7 . 

Maclura  pomif era  (Raf.) 

Schneider.  7. 

Humulus  lupulus  L .  7 . 

URTICACEAE 

Boehmeria  cylindrica  (L.) 

Sw.  1 ,  2 ,  7 . 

Pilea  pumila  (L. )  Gray.  3,  7. 
Laportea  canadensis  (L.) 

Wedd.  2. 


Parietaria  pensylvanica 
Muhl.  3*,  7. 

ARISTOLOCHIACEAE 

As arum  canadense  L.  var. 

ref lexum  (Bickn.) 
Robins.  3. 

Aristolochia  serpentaria  L. 

3. 

POLYGONACEAE 

Rumex  acetosella  L .  7 . 

Rumex  obtusif olius  L.  7. 
Rumex  crispus  L.  7. 

Rumex  altissimus  Wood.  6. 
Rumex  verticil la tus  L.  1,  7. 
Polygonum  sagittatum  L .  2 . 

Polygonum  convolvulus  L.  7. 
Polygonum  cristatum  Engelrn. 

&  Gray.  7. 

Polygonum  scandens  L.  2,  7. 
Polygonum  tenue  Michx .  4 . 
*Polygonum  aviculare  L.  var. 
littorale  (Link) 

W.  D.  J.  Koch.  7. 

*  Polygonum  prolif  icum  (Small) 
Robbins .  6 . 

Polygonum  erectum  L.  7. 
Polygonum  virginianum  L.  3. 
Polygonum  punctatum  Ell. 

1,  2. 

Polygonum  hydropiper  L .  1 . 

Polygonum  persicaria  L.  1, 

7. 

**Polygonum  hydropiperoides 
Michx.  var.  bushi- 
anum  Stanford.  3. 

Rare . 

Polygonum  amphibium  L.  var. 

stipulaceum  (Coleman) 
fern.  1.  Rare. 
Polygonum  coccineum  Muhl. 

1,  V. 

Polygonum  lapathif olium  L. 

1. 

Polygonum  pensylvanicum  L. 

6,  7  . 

Polygonum  pensylvanicum  L. 
var .  laevigatum 
Fern.  6,  7. 
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CHENOPODIACEAE 


Chenopodium  botrys  L.  7. 
Chenopodium  ambrosioides  L. 

7. 

*Chenopodium  pallescens  Standi. 
7. 

Chenopodium  desiccatum  A. 

Nels.  var.  lepto- 
phylloides  (Murr . ) 

Wahl.  1. 

Chenopodium  berlandieri  Moq. 

var.  zschackei  (Murr.) 
Murr .  7 . 

Chenopodium  album  L .  7 . 
Chenopodium  missouriense 
Aellen.  7. 

Chenopodium  gigantospermum 
Aellen.  3.  Rare. 
Chenopodium  polyspermum  L. 

7. 

Chenopodium  standleyanum 
Aellen.  5. 

AMARANTHACEAE 

Amaranthus  spinosus  L.  7. 
Amaranthus  hybridus  L.  7. 

PHYTOLACCACEAE 

Phytolacca  americana  L.  7. 

AIZOACEAE 

Mollugo  verticil latus  L .  7 . 
PORTULACACEAE 

Claytonia  virginica  L.  3,  5. 

CARYOPHYLLACEAE 

Stellaria  media  (L.)  Cyrillo. 
6,  7. 

Cerastium  vulgatum  L.  7. 
Cerastium  nutans  Raf.  7. 
Dianthus  armeria  L.  6. 

Silene  stellata  (L.)  Ait.  3. 
Silene  antirrhina  L.  6. 
Saoonaria  officinalis  L.  7. 

NYMPHAEACEAE 


Nuphar  luteum  L.  ssp. 

macrophyllum  (Small) 
Beal.  1. 

RANUNCULACEAE 

Ranunculus  harveyi  (Gray) 
Britt.  5. 

Ranunculus  abortivus  L.  7. 
Ranunculus  abortivus  L.  var. 

acroslasius  Fern.  6. 
Ranunculus  micranthus  Nutt. 

3. 

Ranunculus  recurvatus  Poir. 

3. 

Ranunculus  hispidus  Michx. 

5. 

Ranunculus  septentrionalis 
Poir.  2. 

* Ranunculus  carolinianus  DC. 

5 .  Rare . 

Ranunculus  f ascicularis 
Muh 1 .  5  ,  6  . 

Ranunculus  sardous  Crantz. 

7  . 

^Delphinium  a j acis  L.  7. 
Delphinium  tricorne  Michx. 

3. 

Thalictrum  dioicum  L.  3,  6. 
Actaea  pachypoda  Ell.  3. 
*Cimicif uga  rubifolia 

Kearney.  3.  Rare. 
Hydrastis  canadensis  L.  3. 
Anemonella  thalictroides 
(L . )  Spach .  3 . 

Anemone  virginiana  L.  3,  5. 
Myosurus  minimus  L.  1,  7. 
Aquilegia  canadensis  L.  3, 

57 

Clematis  virginiana  L .  3 ,  7 . 
Paeonia  lactif lora  Pall.  7. 

BERBERIDACEAE 

Podophyllum  peltatum  L .  3 . 
Caulophyllum  thalictroides 
(L.)  Mich.  3. 

MENISPERMACEAE 

Calycocarpum  lyonii  (Pursh) 
Gray,  6.  Rare. 

Menispermum  canadense  L.  3,5. 
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MAGNOLIACEAE 


Magnolia  acuminata  L .  3 . 

Rare . 

Liriodendron  tulipifera  L. 

3. 

ANONANACEAE 

Asimina  triloba  (L.)  Dunal 

3. 

LAURACEAE 

Sassafras  albidum  (Nutt.) 

Nees .  6  ,  7  . 

Sassafras  albidum  (Nutt. ) 

Nees.  var.  mo lie 
(Raf . )  Fern.  6 . 

Lindera  benzoin  (L.)  Blume. 

3. 

PAPAVERACEAE 

Sanguinaria  canadensis  L.  3. 
Dicentra  cucullaria  (L.)  Bernh. 

3. 

Dicentra  canadensis  (Goldie) 
Walp.  3. 

Corydalis  f lavula  (Raf.)  DC.  3. 
Corydalis  micrantha  (Engelm. ) 
Gray  3 . 

CAPPARIDACEAE 

Polanisia  dodecandra  (L.)  DC. 

7. 

CRUCIFERAE 

Dentar ia  laciniata  Muhl.  3. 
Capsella  bur sa-pastoris  (L.) 
Medic.  7. 

Arabis  laevigata  (Muhl.) 

Poir.  3. 

Cardamine  bulbosa  (Schreb.) 

BSP.  2. 

Cardamine  hirsuta  L .  6 ,  7 . 
Cardamine  pensylvanica  Muhl. 

7. 

Card amine  parvif lora  L.  var. 
arenicola  (Britt.) 

0.  E.  Schulz.  3. 


Sibaria  virginica  (L.) 

Rollins.  5,  6. 

Draba  brachycarpa  Nutt.  7. 
Arabidopsis  thaliana  (L.) 
Heynh.  7. 

Lepidium  virginicum  L.  6, 

7. 

Thlaspi  arvense  L.  6,  7. 
Barbarea  vulgaris  R.  Br.  7. 
Barbarea  vulgaris  R.  Br . 

var.  arcuata  (Opiz.) 
Fries.  7. 

Conringia  or ientalis  ( L . ) 
Dumort.  7. 

Brassica  kaber  (DC.)  L.  C. 
Wheeler  var.  pin- 
natif ida  (Stokes) 

L.  C.  Wheeler.  7. 
Brassica  juncea  (L.)  Coss. 

7  . 

Sisymbrium  officinale  (L.) 
Scop.  var.  leio- 
carpum  DC .  7 . 

Rorippa  sessilif lora  (Nutt) 
Hitchc.  6. 

* Rorippa  truncata  (Jepson) 
Stuckey.  7.  Rare. 
Rorippa  islandica  (Oeder) 
Borbas.  7. 

CRASSULACEAE 

*Sedum  sarmentosum  Bunge.  4. 
Rare . 

Sedum  pulchellum  Michx. 
**Sedum  telephium  L.  7. 

SAXIFRAGACEAE 

Hydrangea  arborescens  L .  3  . 
Ribes  odoratum  Wendl.  7. 
Heuchera  parvif lora  Bartl. 

var.  rugelii  (Shut- 
tlw. )  Rosend. ,  Tutt. 
&  Lak.  3. 

Heuchera  hir suticaulis 

(Wheelock)  Rydb.  3. 
*Heuchera  richardsonii  R. 

Br.  var.  gr ayana 
Rosend . ,  Butt .  & 

Lak.  6. 

Penthorum  sedoides  L.  1,  7. 
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HAMAMELIDACEAE 


Liquidambar  styraciflua  L. 
2,  7. 

PLATANACEAE 

Platanus  occidentalis  L. 

2 ,  6. 

ROSACEAE 


Spiraea  latif olia  (Ait) 
Borkh.  7. 

Spiraea  prunif olia  Sieb.  & 
Zucc.  7. 

Prunus  persica  (L.)  Batsch. 
7. 

Prunus  hortulana  Bailey.  5. 
Prunus  munsoniana  Wight  & 
Hedrick.  7. 

Prunus  angustifolia  Marsh. 

6. 

Prunus  americana  Marsh.  5. 
Prunus  americana  Marsh. 

Sudw. 


*Prunus 

*Prunus 

Prunus 


** 


Prunus 


var.  lanata 

7. 

cerasus  L.  6 . 
avium  L.  7 . 
serotina  Ehrh 
5,  7. 
triloba 


Lindl.  7 


Amelanchier  arborea  (Michx.) 
Fern.  4,  5. 

Chaenomeles  j aponica  L.  7. 
Pyrus  communis  L.  6,  7. 

Malus  pumila  Mill.  7. 

Malus  coronaria  (L.)  Mill. 

5. 


Crataegus  engelmannii  Sarg. 

7. 

Crataegus  pruinosa  (Wendl.) 
K.  Koch.  6. 

Rubus  occidentalis  L .  6 ,  7 . 
*Rubus  occidualis  Bailey.  5. 
Rare . 

Rubus  flagellaris  Willd.  6, 

1 . 


Rubus  allegheniensis  Porter. 
6,  7. 

Rubus  pensylvanicus  Poir.  4. 
Rubus  f rondosus  Bigel.  3. 
Rosa  multiflora  Thunb.  6,  7. 
Rosa  setigera  Michx.  5. 


Rosa  Carolina  L.  5,  6, 

*Rosa  canina  L.  7. 

Rosa  gallica  L .  7 . 

**Rosa  rubif olia  Vill.  7. 
Potentilla  simplex  Michx. 

7. 

Potentilla  recta  L ,  7 . 
Potentilla  norvegica  L. 

1.  7. 

Aruncus  dioicus  (Walt.) 

Fern.  3. 

Gillenia  stipulata  (Muhl.) 
Baill.  5. 

Geum  canadense  Jacq.  3. 

Geum  vernum  (Raf.)  Torr. 

6  Gray.  3,  6. 
Agrimonia  parviflora  Ait. 

3  ,  6. 

Agrimonia  pubescens  Wallr. 

3. 

Agrimonia  rostellata  Wallr. 

3. 

LEGUMINOSAE 

Cere is  canadensis  L.  3. 
Gleditsia  triacanthos  L.  6, 

7. 

Desman thus  illinoensis 

(Michx.)  MacM.  7. 
Albizia  julibrissin  Duraz. 

7  . 

^Wisteria  macrostachya  Nutt. 

7. 

Robinia  pseudoacacia  L .  7 . 
Robinia  hispida  L.  7. 
Psoralea  psoralioicles  Wa It.) 
Cory  var.  eglandu- 
losa  (Ell.)  Freeman. 

Vicia  villosa  Roth.  7. 

Vicia  dasycarpa  Ten.  6. 

Vicia  sativa  L.  7. 

Vicia  angustifolia  Reich.  6. 
Lathyrus  latif olius  L .  7 . 
Cassia  marilandica  L .  7 . 
Cassia  f asciculata  Michx. 

7. 

Cassia  nictitans  L .  5 ,  6 . 
Apios  americana  Medic.  7. 
Coronilla  varia  L.  7. 


145 


Tephrosia  virginiana  (L.) 

Pers.  4. 

Melilotus  alba  Desr.  7. 

Me li lotus  officinalis  ( L . ) 

Lam.  6. 

Trifolium  campestre  Schreb. 

77 

Trifolium  pratense  L.  7. 
Trifolium  repens  L.  7. 

Trifolium  hybridum  L.  7. 
Medicago  sativa  L.  6,  7. 
Stylosanthes  biflora  (L.) 

BSP.  4. 

Lespedeza  striata  (Thunb.) 

Hook.  &  Arn.  6,  7. 
Lesoedeza  stioulacea  Maxim. 

■L.  ±- 

7. 

Lespedeza  procumbens  Michx. 

6. 

Lespedeza  repens  (L.)  Bart. 

6  . 

Lespedeza  hirta  (L. )  Hornem. 

4,  5. 

Lespedeza  stuevei  Nutt.  6. 
Lespedeza  cuneata  (Dum. - 
Cours. )  G.  Don.  7. 
Lespedeza  violacea  (L.) 

Pers.  6. 

Lespedeza  intermedia  (S . 

Wats.)  Britt.  5,  6. 
Lespedeza  virginica  (L.) 

Britt.  6. 

Desmodium  nudif lorum  (L. ) 

DC.  5 . 

Desmodium  glutinosum  (Muhl.) 
Wood .  5 . 

Desmodium  paucif lorum  (Nutt.) 
DC.  3 . 

Desmodium  sessilif olium  (Torr.) 

Torr.  &  Gray.  7. 
Desmodium  rotundi folium  DC .  3 . 
Desmodium  illinoense  Gray.  7. 
Desmodium  canescens  (L. )  DC.  7. 
Desmodium  cuspidatum  (Muhl.) 
Loud.  5. 

Desmodium  laevigatum  (Nutt.) 

DC.  5. 

Desmodium  ciliare  (Muhl.)  DC. 

6. 

Desmodium  nuttallii  (Schindl.) 
Desmodium  paniculatum  (L.)  DC. 
7. 

Desmodium  glabellum  (Michx.) 

DC.  5. 


Desmodium  perplexum  Schub. 

5. 

Glycine  max  (L.)  Merr.  7. 
Pueraria  lobata  (Willd.) 
Ohwi .  7 . 

Strophostyles  leiosperma 

(Torr.  &  Gray)  Piper 

6. 

Strophostyles  helvola  (L.) 
Ell.  7 , 

S trophy styles  helvola  (L.) 

Ell.  var.  missouri- 
ensis  (S.  Wats.) 
Britt.  5. 

Strophostyles  umbellata 
(Muhl.)  Britt.  4. 

Galactia  volubilis  ( L . ) 

Britt,  var.  missis- 
feippiensis  vail. 

5,  6. 

Amphicarpa  bracteata  (L.) 
Fern.  5. 

LINACEAE 

Linum  medium  (Planch.) 

Britt,  var.  texanum 
(Planch.)  Fern.  4. 

OXALIDACEAE 

Oxalis  violacea  L .  4  . 

Oxalis  corniculata  L.  7. 
Oxalis  dillenii  Jacq.  5,  6. 
Oxalis  stricta  L .  6 ,  7  . 

GERANIACEAE 

Geranium  maculatum  L .  3 . 
Geranium  carolinianum  L. 

6,  7. 

SIMAROUBACEAE 

Ailanthus  altissima  (Mill.) 
Swingle.  7. 

POLYGALACEAE 

Polygala  sanguinea  L.  6. 
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EUPHORBIACEAE 


Croton  glandulosus  L.  var. 
septentriohalis 
Muell.-Arg.  6. 

Croton  capitatus  Michx.  6. 
Croton  monanthogynus  Michx. 

4,6. 

Crotonopsis  elliptica  Willd. 
4  r  6 

Acalypha  rhomboidea  Raf.  6. 
Acalypha  virginica  L .  6 ,  7  . 
Acalypha  gracilens  Gray.  4. 
Acalypha  gracilens  Gray  ssp. 
monococca  (Engelm.) 
Webster.  4. 

Euphorbia  corollata  L.  6,  7. 
Poinsettia  dentata  (Michx.) 

Kl.  &  Garcke.  7. 
Chamaesyce  supina  (Raf,,) 
Moldenke.  7. 
Chamaesyce  humi strata 

(Engelm.)  Small.  7. 
Chamaesyce  maculata  (L . ) 
Small.  6,  7. 

ANACARDIACEAE 

Toxicodendron  radicans  (L.) 

Kuntze.  3,  5,  6,  7. 
Rhus  copallina  L .  6 ,  7 , 

Rhus  glabra  L.  6.  7. 

Rhus  aromatica  Ait.  4,  5. 

AQUIFOLIACEAE 

Ilex  decidua  Walt.  1,  3. 

CELASTRACEAE 

Euonymus  f ortunei  (Turcz.) 
Hand.-Maz.  7. 

Euonymus  atropurpureus  Jacq. 

3. 

Celastrus  scandens  L.  7. 

STAPHYLEACEAE 
Staphylea  trifolia  L.  3. 
ACERACEAE 

Acer  negundo  L.  2,  7. 


Acer  saccharum  Marsh.  3. 

Acer  saccharum  Marsh,  var. 

schneckii  Rehder.  3. 
Acer  saccharinum  L .  2 ,  7 . 

Acer  rubrum  L.  3,  5,  6. 

BALSAMINACEAE 

Impatiens  biflora  Walt.  2, 

3. 

Impatiens  pallida  Nutt.  2, 

3. 

VITACEAE 

Parthenocissus  quinquef olia 
(L.  )  Planch”!  3~,  5~,  1. 
Ampelopsis  cordata  Michx. 

3  ,  7. 

Vitis  labruscana  Bailey.  7. 
Vitis  aestivalis  Michx.  3, 

5. 

Vitis  cinerea  Engelm.  3,  5, 

7. 

*Vi tis  rupestris  Scheele.  3. 
Rare . 

Vitis  vulpina  L.  3,  5. 

VitTs  palmata  Vahl.  3,  5. 

Vitis  r iparia  Michx.  3. 

TILIACEAE 

Tilia  americana  L.  3. 

MALVACEAE 

Hibiscus  syriacus  L .  7 . 

Althaea  rosea  (L.)  Cav.  7. 
Abuti Ion  theophrastii  Medic.  7. 
Sida  spinosa  L.  57  77 

HYPERICACEAE 

Ascyrum  hyper icoides  L . 

var .  multicaule 
(Michx.)  Fern.  4,  6. 
Hypericum  perforatum  L. 

67  7. 

Hypericum  punctatum  Lam .  6 . 
Hypericum  spathulatum 

(Spach.)  Steud.  5r 

6  . 
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Hypericum  mutilum  L .  1 ,  7  . 
Hypericum  gentianoides  (L.) 
BSP .  4 . 

Hypericum  drummondii  (Grev. 

Hook.)  Torr.  &  Gray. 

4  . 

TAMARICACEAE 
**Tamarix  gallica  L.  7. 
CISTACEAE 

Lechea  tenuif olia  Michx.  4. 
VIOLACEAE 

Hybanthus  concolor  (T.  F. 

Forst.)  Spreng.  3. 
Viola  pratincola  Greene,  3, 

5. 

Viola  missouriensis  Greene, 

3. 


*Viola 

af finis 
Rare . 

LeConte . 

3. 

Viola 

sororia 

Willd .  3 

• 

Viola 

triloba 

Schwein . 

5. 

Viola 

triloba 

Schwein . 

var . 

dilatata  (Ell . ) 
Brainerd.  3. 

Viola  pubescens  Ait.  var. 

eriocarpa  (Schwein.) 
Russell .  3  . 


Viola  striata  Ait.  2. 

Viola  rafinesquii  Greene.  6, 

7. 

PASSIFLORACEAE 

Passif lora  lutea  L.  var. 

glabriflora  Fern.  5, 

6. 

Passif lora  incarnata  L .  6 . 
CACTACEAE 

Opuntia  compressa  (Salisb.) 
Macbr.  4. 

ELAEAGNACEAE 

Elaeagnus  umbellata  Thunb .  6 . 


LYTHRACEAE 

Cuphea  petiolata  (L.) 

Koehne .  6 . 

Ly thrum  alatum  Pursh.  1,  6. 
Peplis  diandra  Nutt.  1. 

Rare . 

Ammannia  coccinea  Rottb.  1, 

7  . 

Lagestroemia  indica  L .  7 . 
NYSSACEAE 

Nyssa  sylvatica  Marsh,  var. 
c  aroliniana  (Poir.) 
Fern.  3. 

ONAGRACEAE 

Circaea  quadrisculcata 

(Maxim.)  Franch.  & 
Sav.  var.  canadensis 
(L . )  Hara.  3 . 

Ludwigia  palustris  ( L . )  Ell. 

var.  americana  (DC.) 
Fern.  &  Grisc.  1. 
Ludwigia  alternif olia  L .  7 . 
Eoilobium  coloratum  Muhl. 

7. 

Jussiaea  repens  L.  1 
* Jussiaea  leptocarpa  Nutt. 

1 .  Rare . 

Oenothera  laciniata  Hill.  7. 
*Oenothera  f ruticosa  L.  var. 
linearis  (Michx . ) 

S.  Wats.  3,  Rare. 
Oenothera  biennis  L.  6,  7. 
Oenothera  linifolia  Nutt. 

4  . 

ARALIACEAE 

Hedera  helix  L.  7. 

Aralia  spinosa  L.  5. 

Aralia  racemosa  L.  3. 

Panax  quinquef olius  L .  3 . 

UMBELLI FERAE 

Thaspium  trif oliatum  (L.) 
Gray  var.  f 1 avum 
Blake.  6. 

Sanicula  canadensis  L.  3. 
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Torilis  japonica  (Houtt.) 

DC,  7. 

Daucus  carota  L .  6  r  7  . 
Cryptotaenia  canadensis 
(L.)  DC.  5. 

Osmorhiza  longistylis  (Torr.) 
DC.  var.  villicaulis 
Fern.  3. 

Osmorhiza  claytonii  (Michx.) 
Clarke.  3. 

Erigenia  bulbosa  (Michx.) 
Nutt.  2 ,  3. 

Chaerophyllum  procumbens  (L.) 

Cr antz .  6 ,  7 . 
Chaerophyllum  tainturier i 
Hook  6 . 

Cicuta  maculata  L .  1 ,  7 , 
CORNACEAE 

Cornus  f lorida  L .  3 ,  5 . 

Cornus  drummondii  C.  A.  Mey. 
5,  7. 

ERICACEAE 

Monotropa  uniflora  L.  3. 
Vaccinium  arboreum  Marsh. 

4,  5. 

Vaccinium  vacillans  Torr. 

4,  5. 

PRIMULACEAE 

Dodecatheon  meadia  L.  5. 
Dodecatheon  f renchii 

(Vasey)  Rydb.  3. 
Lysimachia  ciliata  L.  7. 
Lysimachia  lanceolata 
Walt.  3. 

Lysimachia  nummularia  L. 

1,  7. 

EBENACEAE 

Diospyros  virginiana  L. 

5 ,  6. 

OLEACEAE 

Fraxinus  pennsylvanica 
Marsh.  3. 


Fraxinus  pennsylvanica 

Marsh,  var.  subin- 
tegerrima  (Vahl) 
Fern.  3,  5,  6. 
Fraxinus  americana  L.  3,  5, 
6. 

Fraxinus  americana  L.  var. 

bi ltmoreana  (Beadle) 
J.  Wright.  3. 

Syringa  vulgaris  L.  7. 
Ligustrum  obtusif olium 
Sieb.  &  Zucc.  7. 
**Forsythia  suspensa  Vahl.  7. 
**Forsythia  viridissima 
Lindl.  7. 

GENT I AN AC EAE 

Swertia  caroliniensis 

(Walt.)  Kintze.  5. 
Obolaria  virginica  L .  3 . 
Rare . 

Sabatia  angularis  ( L . ) 
Pursh.  6,  7. 

APOCYNACEAE 

Apocynum  cannabinum  L. 

5  ,  6. 

Apocynum  cannabinum  L. 

var .  pubescens 
(Mitchell)  A.  DC.  6. 

ASCLEPIADACEAE 

Asclepias  tuberosa  L.  var. 

interior  (Woodson) 
Shinners.  6,  7. 
Asclepias  verticillata  L. 

4,  6. 

Asclepias  purpurascens  L. 

7. 

Asclepias  syriaca  L .  7 . 
Asclepias  quadrifolia 
Jacq.  3.  Rare. 
Asclepias  variegata  L.  5. 
Asclepias  incarnata  L.  1, 

7. 

Cynanchum  laeve  (Michx.) 
Pers.  7. 

CONVOLVULACEAE 

Convolvulus  arvensis  L.  6. 
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Calystegia  sepium  ( L . ) 

R.  Br .  var.  repens 
(L. )  Mohlenbr.  7. 
Calystegia  sepium  (L.) 

R.  Br.  var.  f ratern- 
if lora  (Mack.  &  Bush) 
Shinners.  6. 

Ipomoea  coccinea  L .  7 . 

Ipomoea  pandurata  (L.) 

G.  F.  W.  Mey.  6,  7. 
Ipomoea  hederacea  ( L . ) 

Jacq,  6. 

Ipomoea  lacunosa  L.  6. 

Ipomoea  purpurea  (L. )  Roth. 

7. 

Cuscuta  cuspidata  Engelrn.  2. 
Cuscuta  polygonorum  Engelrn. 

6. 

Cuscuta  cephalanthi  Engelrn. 

6 . 

*Cuscuta  coryli  Engelrn.  7. 
Cuscuta  gronovii  Willd.  3. 
Cuscuta  carnpestris  Yuncker. 

•“7 

/ 

/  • 

Cuscuta  indecora  Choisy.  2. 

POLEMONIACEAE 

Polemonium  reptans  L.  3. 

Phlox  bifida  Beck.  4,  5. 

Phlox  divar icata  L .  3 . 

Phlox  paniculata  L.  2 

HYDROPHYLLACEAE 

Hydrophyllum  macrophyllum 
Nutt.  3 . 

Hydrophyllum  virginianum  L. 

3. 

BORAGINACEAE 

Cynoglossum  virginianum  L .  5 . 
Hackelia  virginiana  (L.) 

I.  M.  Johnston.  3. 
Myosotis  virginica  (L.)  BSP. 
3,  6. 

Lithospermum  latif olium 
Michx .  3 . 

VERBENACEAE 

Lippia  lanceolata  Michx. 

1,  7. 


Verbena  canadensis  Britt. 

7. 

Verbena  stricta  Vent.  7. 
Verbena  hastata  L.  7. 
Verbena  urticifolia  L,  6, 

7. 

PHRYMACEAE 

Phryma  leptostachya  L.  3. 
LAB IT AT AE 

Isanthus  brachiatus  (L.) 

~  BSP.  4. 

Lycopus  americanus  Muhl. 

1,  7. 

Lycopus  virginicus  L .  3  .. 
Teucrium  canadense  L.  var. 
virginicum  (L . ) 

Eat.  7. 

Scutellaria  parvula  Michx. 

5. 

Scutellaria  lateriflora  L. 

3. 

Scutellaria  ovata  Hill,  3. 
Scutellaria  ovata  Hill  var. 
versicolor  (Nutt.) 
Fern.  5. 

Scutellaria  incana  Biehler. 

5. 

Marrubium  vulgare  L .  7  . 
Cunila  origanoides  (L.) 
Britt.  5. 

Monarda  bradburiana  Beck. 

3. 

Monarda  f istulosa  L.  6. 
Blephilia  ciliata  (L.) 
Benth.  3. 

Blephilia  hir suta  (Pursh) 
Benth.  3. 

Collinsonia  canadensis  L. 

3. 

Hedeoma  pulegioides  (L.) 
Pers.  5. 

Pycnanthemum  pycnanthe- 
moides  (Leavenw. ) 
Fern.  5. 

Pycnanthemum  incanum  (L.) 
Michx.  5. 

Pycnanthemum  tenuif olium 
Schrad .  5 ,  6 . 
Agastache  nepetoides  (L.) 
Ktze .  6 . 
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Glecoma  hederacea  L.  7. 
Lamium  amplexicaule  L.  6. 
Lamium  purpureum  L.  7. 

Stachys  tenuifolia  Willd. 

3,  7. 

Perilla  frutescens  L. 

3,  7. 

Prunella  vulgaris  L.  5. 
Prunella  vulgaris  L.  var. 

lanceolata  (Bart.) 
Fern.  5. 

SOLANACEAE 

Solanum  carolinense  L. 

6  ,  7  . 

Solanum  americanum  Mill. 

1,  7. 

Lycium  halimif olium  Mill.  7. 
Datura  stramonium  L.  var. 

tatula  (L.)  Torr.  7. 
Datura  innoxia  Mill.  7. 
Physalis  longif olia  Nutt.  6. 
Physalis  pruinosa  L.  6. 
Physalis  heterophylla  Nees. 

7. 

Physalis  heterophylla  Nees. 
var.  ambigua  (Gray) 
Rydb.  6. 

Physalis  pubescens  L .  7 . 

SCROPHULARIACEAE 

Veroni cast rum  virginicum 
(L.)  Farw.  3. 

Veronica  peregrina  L.  7. 
Veronica  arvensis  L.  6. 
Gratiola  virginiana  L .  7 . 

Rare . 

Gratiola  neglecta  Torr. 

1,  7. 

Lindernia  dubia  (L.)  Pen¬ 
nell.  1,  7. 

Pens temon  digitalis  Nutt.  3. 

6  . 

Penstemon  pallidus  Small  .  5 . 
Conobea  multif ida  (Michx. ) 
Benth.  7. 

Gerardia  f lava  L.  5. 

Gerardia  tenuifolia  Vahl.  4. 
Gerardia  tenuifolia  Vah.  var. 

macrophylla  Benth.  4. 
Seymeria  macrophylla  Nutt.  5. 
Mimulus  alatus  Ait.  1,  7. 


Scrophularia  marilandica 

L.  3 . 

Collinsia  verna  Nutt.  2. 
Verbascum  thapsus  L.  7. 

BIGNONIACEAE 

Campsis  radicans  (L.)  Seem. 
7. 

Catalpa  speciosa  Warder .  7 . 
ACANTHACEAE 

Rue Ilia  humilis  Nutt.  6,  7. 
Rue Ilia  pedunculata  Torr .  5 . 

Ruellia  strepens  L.  2. 

PLANTAGINACEAE 

Plantago  aristata  Michx. 

4,  7. 

Plantago  pusilla  Nutt.  4. 

6 . 

Plantago  lanceolata  L.  7. 
Plantago  virginica  L.  6,  7. 
Plantago  rugelii  Dene .  7 . 

RUBIACEAE 

Cephalanthus  occidentalis 

L.  1,  3. 

Galium  ciraezans  Michx.  3. 
Galium  pilosum  Ait.  3. 

Galium  triflorum  Michx.  3, 

5. 

Galium  aparine  L .  3 ,  5 . 
Galium  concinnum  To^r.  & 
Gray.  5. 

Diodia  teres  Walt.  4,  6. 
Mitchella  repens  L .  3 . 
Houstonia  pusilla  Schoepf. 

4 ,  6. 

Houstonia  purpurea  L .  3 ,  5 . 
Houstonia  longif olia 

Gaertn.  var.  cilio- 
lata  (Torr.)  Torr. 

5. 

Houstonia  longif olia 

Gaertn.  var.  tenui- 
folia  (Nutt.)  Wood. 

5. 
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CAPRIFOLIACEAE 

Sambucus  canadensis  L .  7  . 
Lonicera  japonica  Thunb. 

7. 

Symphoricarpos  orbiculatus 
Moench.  4,  6, 

^Viburnum  opulus  L.  7. 

Viburnum  rufidulum  Raf.  5, 

6. 

Viburnum  prunif olium  L.  3. 
Triosteum  angustif olium  L. 

57 

Triosteum  illinoense  (Wieg. ) 
Rydb .  3 . 

VALERI ANACEAE 

Valeriana  pauciflora  Michx. 

2. 

Valerianella  radiata  (L.) 
Dufr.  7. 

CUCURBITACEAE 

Cucumis  sativus  L.  7. 

Sicyos  angulatus  L.  6. 

CAMP ANU LAC EAE 

Specularia  perf oliata  (L.) 

A .  DC .  6  . 

Campanula  americana  L .  3 ,  7 . 
Lobelia  cardinalis  L.  2,  3. 
Lobelia  si iphi litica  L .  1 ,  7 . 
Lobe lia  puberula  Michx.  3. 
Lobelia  inf lata  L.  3 ,  7 . 

COMPOS IT AE 

Polymnia  canadensis  L .  3 . 
Polymnia  uvedalia  ( L . )  L .  3  . 
Silphium  perf oliatum  L.  7. 
Silphium  integrif olium  Michx. 

7  . 

Ambrosia  bidentata  Michx.  7. 
Ambrosia  tnf ida  L.  7. 
Ambrosia  artemisiif olia  L .  7 . 
Xanthium  strumarium  L.  var. 
canadensis  [M ill.) 
Torr.  &  Gray.  7. 
Xanthium  strumarium  L.  var. 

gl abratum  (DC.)  Cronq. 

77 


Heliopsis  helianthoides 
(L.)  Sweet.  5.  6. 
Eclipta  alba  (L.)  Hassk.  7. 
Rudbeckia  laciniata  L .  6,7. 
Rudbeckia  subtomentosa 
Pursh.  6,  7. 

Rudbeckia  hirta  L .  6 ,  7 . 
*Rudbeckia  f ulgida  Ait.  6. 
Rare . 

Ratibida  pinnata  (Vent.) 
Barnh.  6. 

Helianthus  annuus  L .  6 . 
Helianthus  microcephalus 
Torr.  &  Gray.  6. 
Helianthus  decapetalus  L. 
3,5. 

Helianthus  divaricatus  L. 

5. 

Helianthus  strumosus  L.  5, 

6. 

Helianthus  tuberosus  L.  6, 

7. 

Verbesina  helianthoides 
Michx.  4,  5. 

Verbesina  alternif olia  ( L . ) 
Britt.  7. 

Bidens  coronata  (L.)  Britt. 

6. 

Bidens  aristosa  L .  6 ,  7 . 
Bidens  aristosa  L.  var. 

retrorsa  (Sherff) 
Wunderlin.  1,  7. 
Bidens  connata  Muh 1 .  1 ,  7 . 
Bidens  comosa  (Gray)  Wieg. 

6. 

Bidens  bipinnata  L.  1,  7. 
Bidens  f rondosa  L.  1,  7. 
Helenium  f lexuosum  Raf .  7 . 
Solidago  caesia  L.  3,  5. 
Solidago  buckleyi  Torr .  & 

&  Gray.  3.  Rare. 
Solidago  petiolar is  Ait.  5. 
Solidago  missour iensis  Nutt. 
6  . 

Solidago  juncea  Ait.  5,  6. 
Solidago  speciosa  Nutt.  7. 
Solidago  gigantea  Ait.  3, 

6. 

* *Solidago  arguta  Ait.  5. 

Rare . 

* *Solidago  neurolepis  Fern. 

5 .  Rare . 

Solidago  ulmifolia  Muhl. 

5. 
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Solidago  canadensis  L.  6,  1. 
Solidago  nemoralis  Ait.  6. 
Solidago  rugosa  Mill ,  6. 
Solidago  hispida  Muhl.  5. 
**Solidago  hispida  Muhl.  var. 

lanata  (Hook.)  Fern. 

4.  Rare. 

Boltonia  asteroides  (L. ) 

L ' Her .  6. 

Aster  anomalus  Engelm.  5. 
Aster  shortii  Lindl.  5. 

Aster  sagittif olius  Wedem. 

6. 

Aster  oblongif olius  Nutt.  5. 
Aster  patens  Ait.  5. 

Aster  pilosus  Willd.  6. 

Aster  vimineus  Lam.  6.  Rare. 

* Aster  dumosus  L.  6.  Rare. 
Aster  praealtus  Poir.  5. 

Aster  turbinellus  Lindl.  5. 
Aster  laterif lorus  (L.) 

Britt.  5,  6. 

Aster  simplex  Willd.  6. 
Erigeron  pulchellus  Michx. 

3. 

Erigeron  philadelphicus 

L.  7  . 

Erigeron  annuus  (L.)  Pers. 

7  . 

Erigeron  strigosus  Muhl. 

7  . 

Erigeron  canadensis  L.  6, 

7. 

Anthemis  cotula  L .  7 . 

Anthemis  arvensis  L.  7. 
Achillea  millefolium  L.  6. 
Achillea  millefolium  L.  ssp. 
lanulosa  (Nutt.) 

Piper.  7. 

Matricaria  matr icarioides 
(Less . )  Porter .  7 . 
Chrysanthemum  leucanthemum 

L.  6 . 

*Artemisia  absinthium  L.  7. 
Antennaria  plantaginif olia 
(L. )  Richards.  4,  5. 
Gnaphalium  purpureum  L .  4 ,  6 . 
Gnaphalium  obtusif olium  L.  6. 
Erechtites  hieracifolia  L. 

3  ,  5. 

Cacalia  atriplicif olia  L.  3, 

5. 


Cacalia  muhlenbergii  (Sch. 

Bip.)  Fern.  3.  Rare 
Senecio  glabellus  Poir,  7. 
Eupatorium  purpureum  L ,  3 . 
Eupatorium  f istulosum 
Barratt.  1,  7. 
Eupatorium  coelestinum  L. 
6,  7, 

Eupatorium  serotinum  Michx 

6,  7. 

Eupatorium  rugosum  Houtt. 

5 ,  6. 

Eupatorium  perfoliatum  L. 

7. 

Vernonia  nissurica  Raf ,  7  . 
Vernonia  baldwinii  Torr . 

6  r  7. 

Vernonia  gigantea  (Walt.) 
Trel.  6. 

Elephantopus  carolinianus 
Willd.  3. 

Arctium  minus  (Hill)  Bernh 
7. 

Cirsium  vulgare  (Savi) 
Tenore.  7. 

Cirsium  discolor  (Muhl.) 

Spreng.  6,  7. 
Cirsium  altissima  (L.) 
Spreng,  5. 

Cichorium  intybus  L.  7. 
Krigia  dandelion  ( L . ) 

Nutt.  5. 

Krigia  biflora  (Walt.) 

Blake.  6,  7. 

Krigia  virginica  (L.) 
Willd.  7. 

Krigia  oppositif olia  Raf. 

7. 

Taraxacum  officinale  Weber 

7  . 

Lactuca  canadensis  L.  6. 
Lactuca  serriola  L.  7. 
Lactuca  f loridana  (L.) 
Gaertn.  3. 

Pyrrhopappus  carolinianus 
(Walt.)  DC.  6,  7. 
Prenanthes  altissima  L.  3. 
Hieracium  gronovii  L.  5. 
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MICROCLIMATIC  AND  SOIL  DIFFERENCES  BETWEEN  HILL  PRAIRIES 
AND  ADJACENT  FORESTS  IN  EAST -CENTRAL  ILLINOIS 

John  T.  Reeves\  U.  Douglas  Zimmerman,  and  John  E.  Ebinger 

Department  of  Botany,  Eastern  Illinois  University 
Charleston,  Illinois  61920 

Abstract:  --  The  vascular  flora  and  several  soil  and 
climatic  factors  were  studied  on  three  hill  prairies 
in  Coles  County,  Illinois.  These  studies  indicate  that 
the  environment  of  the  hill  prairies  is  more  xeric  than 
the  surrounding  forest.  The  climatic  variables  of  wind 
velocity,  evaporation,  relative  humidity,  light  intensity, 
and  air  temperature  on  the  prairie  and  in  the  forest  were 
significantly  different  as  were  soil  temperature  and 
moisture.  A  total  of  50  taxa  were  found  on  the  hill 
prairies  with  Schizachyrium  scoparium  or  Sorghastrum 
nutans  dominating  and  accounting  for  nearly  all  of  the 
basal  cover. 


INTRODUCTION 


Most  of  the  tall  grass  prairie  of  Illinois  as  described  by  Sampson 
(1921)  and  Transeau  (1935)  have  been  destroyed.  Hill  prairies,  in  con¬ 
trast,  have  been  relatively  undisturbed.  These  prairies  are  grassland 
openings  in  the  midst  of  a  forest  and  are  usually  on  a  south  or  south¬ 
west  facing  slope.  Other  site  characteristics  are  steep  slopes  with 
unstable  soil  conditions  (Costello,  1931),  small  size,  usually  a  few 
acres  or  less  (Hanson,  1922),  and  very  little  disturbance  (Evers,  1955). 

In  the  present  study  three  hill  prairies  located  in  Coles  County, 
Illinois  were  examined  during  the  growing  season  of  1976.  These  include 
the  1/3  acre  Lakeview  Prairie  located  in  Lakeview  Park  southeast  of 
Charleston,  Illinois  (Sect.  12,  T12N,  R9E) , the  1/4  acre  Five-Mile  Prairie 
located  5  miles  south  of  Charleston  (Sect.  1,  TllN,  R9E) ,  and  the  1/4 
acre  Waterworks  Prairie  at  the  east  edge  of  Charleston  (Sect.  13,  T12N, 
R9E) .  The  objectives  of  the  study  were  to  document  climatic  and  soil 
factors  responsible  for  hill  prairie  maintenance,  and  to  determine 
their  floristic  composition. 

materials  and  methods 

Wind  velocity,  evaporation,  relative  humidity,  light  intensity,  and 
air  and  soil  temperature  were  monitored  on  bright,  sunny  days  near  the 


1.  Current  address:  Department  of  Botany  and  Plant  Pathology,  Purdue 
University,  West  Lafayette,  Indiana. 
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beginning  of  each  month  from  April  through  October,  excluding  May.  These 
data  were  collected  from  two  stations,  one  located  on  the  Waterworks 
Prairie  and  the  other  in  an  adjacent  forest  area.  Evaporation  was  deter¬ 
mined  with  Livingston  white  bulb  atmometers  (Livingston,  1935),  and  air 
temperature  was  measured  with  a  probe  thermometer  that  was  shielded  from 
direct  sunlight.  The  above  data  were  collected  14  cm  above  the  soil 
surface  at  each  station  every  hour.  Light  intensity  was  determined  with 
a  Western  Illumination  Meter  (Model  756)  equipped  with  a  quartz  filter. 

Wind  velocity  was  measured  with  a  three-cup  anemometer  (No.  1439,  C.  F. 

Case 11a  &  Co., LTD),  mounted  on  a  portable  platform  1  m  above  the  ground. 
Readings  were  taken  approximately  one-half  hour  every  hour.  Relative 
humidity  was  determined  with  a  hand-asperated  psychrometer  (Daubenmire, 
1974)  every  hour  during  the  day. 

Soil  temperatures  were  measured  during  the  afternoon  with  a  Western 
Mirroband  thermometer  at  a  depth  of  13.5  cm.  Soil  texture  data  were 
obtained  for  the  forests  and  prairies  at  all  three  study  sites.  Six 
30  cm  soil  cores  were  taken  at  each  sampling  site,  two  from  the  top  of 
the  slope,  two  from  mid-slope,  and  two  from  near  the  bottom.  The  cores 
were  mixed  and  texture  determined  by  the  Bouyoucos  (1962)  method,  and 
Buckman  and  Brady  (1960)  was  used  for  soil  nomenclature.  Soil  moisture 
data  were  determined  for  the  hill  prairies  and  forests  from  four  30  cm 
cores  collected  from  mid-slope  each  month  from  February  through  October. 

The  cores  were  divided  into  three  sections,  0-10  cm,  10-20  cm,  and  20-30 
cm.  The  four  cores  obtained  for  each  depth  were  combined  and  soil  mois¬ 
ture  determined  gravimetrically  (Cape  and  Trickett,  1965). 

All  climate  and  soil  data,  with  the  exception  of  soil  texture  were 
analyzed  with  programs  written  by  the  ULCA  Health  Science  Computing 
facility.  Soil  moisture  data  were  analyzed  with  the  BMD08V  program 
(multiple  way  analysis  of  variance) .  All  other  environmental  parameters 
were  analyzed  with  the  BMDQ2V  program  (analysis  of  variance  for  factorial 
design).  Significance  throughout  the  paper  denotes  statistical  signifi¬ 
cance  at  the  .05  confidence  level. 

Vegetation  data  were  collected  on  the  Five-Mile  Prairie  and  the 
Waterworks  Prairie  using  the  line-intercept  technique  (Canfield,  1941). 
Samples  for  each  area  consisted  of  two  randomly  located  lines  positioned 
across  the  contours  of  the  slope.  From  the  data  obtained  the  percent 
cover  and  the  Importance  Value  (IV)  for  each  species  was  determined.  As 
used  here,  the  IV  is  the  sum  of  the  relative  density  and  relative  domi¬ 
nance  (Phillips,  1959).  A  species  list  was  compiled  for  all  three  prairies 
by  making  collections  every  two  weeks  during  the  growing  season.  Nomen¬ 
clature  follows  Mohlenbrock  (1975)  and  the  specimens  are  deposited  in 
the  Stover  Herbarium  of  Eastern  Illinois  University  (EIU) . 

RESULTS 


Microclimate :  The  average  light  intensity  differed  significantly  between 
forest  and  prairie  during  the  growing  season  (Fig.  1).  The  light  inten¬ 
sity  on  the  prairie  varied  little,  and  averaged  6.3  X  10^  lux  during  the 
study.  Light  intensity  in  the  forest,  in  contrast,  was  much  lower  and 
more  variable,  averaging  1.6  X  10^  lux.  There  was  less  differences 
between  prairie  and  forest  in  April  and  October  when  the  forest  canopy 
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Fig.  1.  Average  daily  light  inten¬ 
sity  during  the  growing  season  at 
the  Waterworks  sampling  stations. 


Fig.  2.  Average  daily  wind  velocity 
during  the  growing  season  at  the 
Waterworks  sampling  stations. 


Fig.  3.  Average  daily  air  tempera-  Fig.  4.  Average  daily  relative  hu- 
ture  during  the  growing  season  at  midity  during  the  growing  season  at 
the  Waterworks  sampling  stations.  the  Waterworks  sampling  stations. 
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Evaporation  (ml) 


Fig.  5.  Average  daily  evaporation  Fig.  6.  Average  daily  soil  tempera- 
during  the  growing  season  at  the  ture  during  the  growing  season  at 

Waterworks  sampling  stations.  the  Waterworks  sampling  stations. 


Fig.  7.  Average  soil  moisture  for  February  through  October  at  the  Water¬ 
works,  Five-Mile,  and  Lakeview  sampling  stations. 
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was  more  open,  but  the  differences  were  still  significant. 

The  average  daily  wind  velocity  was  also  significantly  different  in 
the  prairie  and  forest  throughout  the  growing  season  (Fig.  2).  The  prairie 
had  higher  wind  velocities,  but  the  forest  canopy  did  not  reduce  the  veloc¬ 
ity  as  much  as  might  be  expected.  The  average  wind  velocity  was  0.85  m/sec 
on  the  prairie  and  0.39  m/sec  in  the  forest. 

The  average  air  temperature  also  differed  significantly  between  prai¬ 
rie  and  forest  throughout  the  growing  season  (Fig.  3).  The  air  tempera¬ 
ture  in  the  forest  averaged  3.5°  cooler  than  that  of  the  prairie,  and  the 
differences  were  greater  when  the  forest  canopy  was  closed. 

The  average  relative  humidity  of  the  prairie  and  forest  did  not  have 
the  pattern  suggested  by  light  and  temperature.  Differences  in  relative 
humidity  during  April  and  June  were  not  significantly  different  (Fig.  4), 
but  during  the  remaining  months  the  differences  were  significant.  During 
these  four  months  the  relative  humidity  averaged  53%  on  the  prairie  and 
57%  in  the  forest. 

The  total  daily  evaporation  in  the  prairie  and  forest  differed  signif¬ 
icantly  throughout  the  growing  season  (Fig.  5).  Although  it  varied  greatly, 
the  prairie  had  more  evaporation  (average  of  17  ml/day)  than  the  forest 
(average  10  ml/day).  The  rate  of  evaporation  appeared  to  be  more  closely 
related  to  wind  velocity  (Fig.  2)  than  any  of  the  other  climatic  variables. 

Soil :  Average  soil  temperature  for  forest  and  prairie  differed  signifi¬ 
cantly  throughout  the  growing  season  (Fig.  6).  The  greatest  difference 
occurred  when  the  canopy  was  fully  developed,  however,  during  April  and 
October  when  the  forest  canopy  was  more  open  there  were  still  significant 
temperature  differences.  The  daily  average  soil  temperature  was  4°  C  cooler 
in  the  forest,  which  averaged  16°  C  while  the  prairie  averaged  20°  C. 

The  Waterworks  Prairie  and  Five-Mile  Prairie  soils  had  significantly 
lower  soil  moisture  percentages  than  that  of  the  adjacent  forest,  while 
the  moisture  level  of  the  Lakeview  Prairie  soil  was  approximately  the  same 
as  that  of  the  forest  (Fig.  7;  Table  1).  This  anomaly  can  be  explained 
when  soil  moisture  (Table  1),  and  soil  texture  (Table  2)  are  compared. 

The  Waterworks  and  Five-Mile  Prairies  and  adjacent  forests  have  soils 
of  similar  textures.  The  Lakeview  Prairie,  in  contrast,  has  a  loam  soil, 
while  the  soil  of  the  adjacent  forest  has  less  clay,  more  sand,  and 
consequently  lower  water  holding  capacity. 

Vegetation :  The  results  of  the  quantitative  analysis  of  the  Waterworks 
and  Five-Mile  Prairies  shows  that  each  prairie  has  one  dominant  grass 
species  (Table  3) .  On  Five-Mile  Prairie  the  dominant  grass  is  little 
bluestem  (Schizachyrium  scoparium)  with  an  IV  of  156  and  a  basal  cover 
of  30.2%,  while  on  the  Waterworks  Prairie  indian  grass  (Sorghas trum 
nutans)  dominates  with  an  IV  of  143  and  a  basal  cover  of  21.2%.  An 
important  aspect  indicated  by  the  low  cover  values,  besides  the  domi¬ 
nance  of  one  grass  species,  is  the  large  amount  of  bare  soil  (about  70%). 
This  is  probably  the  result  of  the  steep  slope,  the  heavy  erosion,  and 
the  low  soil  moisture  which  tends  to  favor  grasses. 
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Table  1.  Average  monthly  soil  moisture  percentages  for  prairie  and 
forest  at  each  sampling  location. 


WATERWORKS 
Prairie  Forest 

FIVE- 

Prairie 

•MILE 

Forest 

LA REVIEW 
Prairie  Forest 

February 

17.4 

21.4 

13.3 

18.2 

16.8 

16.5 

March 

15.7 

19.0 

14.1 

17.1 

18.5 

14.4 

April 

16.1 

18.6 

13.0 

15.3 

13.9 

15.1 

May 

12.8 

15.0 

13.3 

14.9 

13.0 

10.9 

June 

12.6 

15.6 

11.9 

13.8 

13.1 

9.4 

July 

14.7 

18.4 

14.2 

13.1 

13.3 

15.8 

August 

10.7 

14.2 

11.5 

12.8 

10.0 

9.8 

September 

16.3 

20.1 

15.0 

16.2 

14.7 

14.0 

October 

16.3 

19.9 

14.5 

16.6 

16.4 

16.3 

Average 

—  ■  —  .  .  ■  .  -  — — .  j 

14.7 

18.0 

13.3 

15.3 

14.4 

13.6 

Table  2.  Soil  particle  size  percentages  and  soil  texture  names  for  the 
prairie  and  forest  soils  at  each  sampling  location. 


Particle 

Size 

WATERWORKS 
Prairie  Forest 

FIVE 

Prairie 

-MILE 

Forest 

LA REVIEW 
Prairie  Forest 

Sand 

37 

37 

42 

40 

40 

52 

Silt 

40 

34 

41 

40 

41 

35 

Clay 

23 

29 

17 

20 

19 

13 

Soil  Name 

loam 

clay 

loam 

loam 

loam 

loam 

sandy 

loam 

Table  3.  Relative  values  and  percent  basal  cover  for  the  dominant 
species  on  the  Five-Mile  and  the  Waterworks  Prairies. 


Species 

Relative 

Density 

Relative 

Dominance 

Importance 

Value 

%  Basal 
Cover 

FIVE -MILE  PRAIRIE 

Schizachyrium  scoparium 

58.3 

97.9 

156.2 

30.2 

Monarda  bradburiana 

10.7 

.4 

11.1 

.1 

Solidago  nemoralis 

8.3 

.4 

8.7 

.1 

Brickellia  eupatorioides 

7.1 

.4 

7.5 

.1 

Others 

15.6 

.9 

16.5 

.3 

Totals 

100.0 

100.0 

200.0 

30.8 

WATERWORKS  PRAIRIE 

Sorghastrum  nutans 

50.4 

93.3 

143.7 

21.2 

Euphorbia  corollata 

8.8 

.8 

9.6 

.2 

Carex  muhlenbergii 

5.9 

2.9 

8.8 

.7 

Silphium  terebinthinaceum 

6 . 6 

.8 

7.4 

.2 

Others 

28.3 

2.2 

30.5 

.4 

Totals 

100.0 

100.0 

200.0 

22.7 
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A  total  of  50  species  in  21  families  were  found  on  the  three  hill 
prairie  (Table  4).  These  include  7  woody  species,  5  grasses,  and  38  forbs, 
of  which  about  1/4  are  forest  taxa.  Of  the  prairie  species,  many  are 
found  on  all  three  areas.  Considerable  difference  in  species  composition 
exists,  however,  because  the  total  number  of  taxa  on  a  given  area  varies 
from  22  to  28. 

Table  4.  --  List  of  plant  species  found  growing  on  one  or  more  of  the 
hill  prairies  studied  in  Coles  County,  Illinois. 


ASCLEPIADACEAE 
Asclepias  purpurascens  L. 

Asclepias  tuberosa  L. 

Asclepias  verticillata  L. 
BORAGINACEAE 

Lithospermum  canescens  (Michx.)  Lehm 
COMPOS ITAE 

Antennar ia  plantagini folia  (L.) 
Richards . 

Aster  turbinellus  Lindl. 

Brickellia  eupatorioides  (L.) 
Shinners . 

Chrysanthemum  leucanthemum  L. 
Echinacea  pallida  (Nutt.)  Nutt. 
Erigeron  s trigosus  Muhl. 

Erigeron  pulchellus  Michx. 

Helianthus  divaricatus  L. 

Liatris  aspera  Michx. 

Rudbeckia  hirta  L. 

Silphium  terebinthinaceum  Jacq . 
Solidago  nemoralis  Ait. 

Solidago  rigida  L. 

COMMELINACEAE 

Tradescantia  virginiana  L. 
CONVOLVULACEAE 

Calystegia  spithamaea  (L.)  Pursh. 

CORNACEAE 
Cornus  f lorida  L. 

CYPERACEAE 

Carex  muhlenbergii  Schk. 

Carex  pensylvanica  Lam. 

EBENACEAE 

Diospyros  virginiana  L. 

EUPHORBIACEAE 
Euphorbia  corollata  L. 

fagaceae 

Quercus  muhlenbergii  Engelm. 

Quercus  velutina  Lam. 


GENTIANACEAE 

Sabatia  angularis  (L.)  Pursh. 

IRIDACEAE 

Sisyrinchium  albidum  Raf. 

LABIATAE 

Monarda  bradburiana  Beck. 

Physostegia  virginiana  (L.)  Benth. 
Pycnanthemum  pilosum  Nutt. 

LEGUMINOSAE 

Cassia  fasciculata  Michx. 

Desmodium  rotundif olium  DC . 

Desmodium  sessilifolium  (Torr.)  T.  &  G 
Lespedeza  virginica  (L.)  Britt. 
Melilotus  alba  Desr. 

PQACEAE 

Andropogon  gerardii  Vitman. 

Elymus  canadensis  L. 

E lymus  hystrix  L. 

Schizachyrium  scoparium  (Michx.)  Nash. 
Sorghastrum  nutans  (L.)  Nash. 
RHAMNACEAE 

Ceanothus  americanus  L. 

ROSACEAE 

Potentilla  simplex  Michx. 

Rosa  Carolina  L. 

SAXIFRAGACEAE 
Hydrangea  arborescens  L. 

SCROPHULARIACEAE 
Gerardia  f lava  L. 

Penstemon  pallidus  Small. 

UMBELLIFERAE 

Taenidia  integerrima  (L.)  Drude. 
Thaspium  barbinode  (Michx.)  Nutt. 
VIOLACEAE 

Viola  sororia  Willd. 


DISCUSSION 

The  present  study  indicates  that  a  more  xeric  environment  exists  on 
the  hill  prairies  than  in  the  surrounding  forests.  This  is  primarily  due 
to  the  rate  of  evaporation  which  is  a  direct  response  to  wind  velocity  and 
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light  conditions  on  the  prairie.  The  presence  of  the  forest  canopy  during 
the  growing  season  is  undoubtedly  a  major  factor  causing  these  differences. 
In  addition  to  the  forest  canopy  the  direction  of  the  slope  also  appears 
to  be  an  important  factor  in  hill  prairie  maintenance.  All  of  the  prairies 
studied  are  situated  on  steep,  south  or  southwest  facing  slopes. 

Soil  moisture  and  soil  temperature  differ  significantly  on  the  hill 
prairies  and  the  surrounding  forests,  and  are  the  result  of  microclimatic 
differences  and  not  soil  texture.  Soil  texture  on  both  the  forest  and 
prairie  areas  is  very  similar  (Table  2),  and  probably  not  important  in 
creating  the  xeric  conditions.  The  soil  texture  data  of  these  hill  prai¬ 
ries  differs  drastically  from  that  of  the  western  hill  prairies.  Kilburn 
and  Warren  (1963)  found  78-85%  sand  in  the  soil  of  the  western  Illinois 
hill  prairies.  They  believed  that  this  high  sand  content  favored  the  hill 
prairies  maintenance.  The  lower  amount  of  sand  (37-52%)  on  the  east-central 
Illinois  hill  prairies  suggests  that  microclimatic  conditions  are  the  most 
important . 

The  hill  prairies  in  east-central  Illinois  and  those  of  western 
Illinois  have  similar  basal  cover  values.  On  two  prairies  in  western 
Illinois  Evers  (1955)  found  basal  area  or  cover  values  to  be  30.04  and 
22.37%).  The  Five-Mile  and  Waterworks  Prairies  have  values  of  30.8  and 
22. 7%  respectively.  The  Five-Mile  Prairie  is  quite  similar  to  the  western 
hill  prairies  because  it  is  dominated  by  little  bluestem.  The  basal 
cover  of  30.27.  for  little  bluestem  in  this  prairie  compares  closely  to  the 
28.397.  found  on  the  Sampson  Prairie  sampled  by  Evers  (1955)  and  the  six 
western  hill  prairies  studied  by  Kilburn  and  Warren  (1963).  When  compared 
to  the  western  Illinois  hill  prairies,  however,  a  considerable  difference 
is  found  in  species  composition.  Nearly  half  of  the  east-central  Illinois 
hill  prairie  species  were  absent  from  the  western  hill  prairies.  The  num¬ 
ber  of  taxa  per  unit  area,  however,  corresponds  rather  well  with  the  find¬ 
ings  of  Evers  (1955)  who  reported  28  species  on  the  Sampson  Prairie  and  35 

on  the  Phegley  Prairie. 

In  1918,  Vestal  described  and  mapped  a  hill  prairie  located  one  mile 
east  of  the  southern  part  of  Charleston,  Illinois.  This  is  the  same  area 

that  is  now  referred  to  as  the  Waterworks  Prairie.  In  1918  there  were  10 

different  prairie  areas  located  on  the  slope.  Presently  three  areas  exist 
and  it  is  estimated  that  the  extent  of  the  prairie  area  has  been  reduced 
by  at  least  1/3  since  1918.  This  difference,  as  well  as  the  number  of 
forest  species  present,  indicate  that  the  hill  prairies  are  not  maintain¬ 
ing  themselves,  and  will  probably  give  way  to  forest.  These  changes  are 
most  likely  due  to  slight  changes  in  climate,  the  lack  of  fire,  and 
shading  by  mature  trees  at  the  margins  of  the  prairie  areas.  Another 
major  difference  noted  between  the  present  study  and  that  of  Vestal's 
(1918)  is  the  change  in  the  dominant  grass.  Vestal  listed  the  dominant 
grass  as  little  bluestem  with  big  bluestem  only  nominally  represented. 
Currently  indian  grass  is  the  dominant  grass  and  little  bluestem  is 
absent  on  the  Waterworks  Prairie.  This  change  in  dominance  may  indicate 
that  the  prairie  has  been  disturbed  (Weaver,  1968). 

Though  the  climatological  data  indicates  a  more  xeric  environment 
on  the  hill  prairies,  the  vegetation  indicates  that  the  prairie  areas 
are  being  encroached  upon  by  forest.  This  encroachment  will  probably 
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continue  at  a  relatively  fast  rate,  unless  the  climate  becomes  dryer,  or 
fire  is  introduced. 
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ABSTRACT 


Four  species  of  inarticulate  brachiopods  occur  in 
the  black  shale  member  of  the  Shumway  Cyclothem.  In 
addition  one  rhynchonel 1  id  species  and  six  spiriferid 
species  occur  in  the  upper  limestone  member  or  Shumway 
Limestone  Member  of  the  Mattoon  Formation.  Of  these, 
two  spiriferids  also  occur  in  the  lower  limestone  mem¬ 
ber  of  the  Shumway  Cyclothem.  These  eleven  species 
are  a  part  of  a  known  fauna  of  at  least  one  hundred 
and  fifty  taxa,  occurring  in  the  marine  portion  of  the 
Shumway  Cyclothem  at  its  type  locality  in  Effingham 
County,  Illinois. 


INTRODUCTION 


This  is  the  third  of  a  series  of  papers  documenting  a  substantial 
portion  of  the  marine  fauna  of  the  Shumway  Cyclothem  at  its  type  locality 
on  the  south  bank  of  Shoal  Creek  in  the  SE  1/4,  SE  1/4,  SW  1/4,  sec.  26, 
T.  9N.,  R.  5  E.  in  Effingham  County,  Illinois.  Previous  reports  include 
a  description  of  the  mollusca  and  a  trilobite  (Scheihing  and  Langenheim, 

1978)  and  of  the  strophomenidinid  brachiopods  (Scheihing  and  Langenheim, 

1979) . 

The  faunas  of  the  Shumway  Cyclothem  are  of  particular  interest 
because  of  their  stratigraphic  position,  location,  diversity  and  the 
general  lack  of  knowledge  regarding  Pennsylvanian  invertebrates  in  the 
Illinois  Basin.  The  Shumway  fauna  is  one  of  the  youngest  known  in  the 
Illinois  sequence  and,  also,  is  located  in  the  vicinity  of  the 
Missourian-Virgil ian  boundary.  Thus,  detailed  information  regarding  its 
character  is  of  significance  to  correlating  the  Illinois  Pennsylvanian 
succession.  The  Shumway  fauna  is  located  in  an  outlier  about  half  way 
between  the  well  known  Late  Pennsylvanian  faunas  of  Missouri,  Kansas  and 
Nebraska  and  the  well  documented  faunas  of  the  Appalachian  Basin  in 
Ohio,  Pennsylvania,  Maryland  and  West  Virginia.  Thus  they  should 
represent  conditions  intermediate  between  shelf  sea  dominated  environ¬ 
ments  to  the  west  and  the  tectonically  affected  shoreward  situations  to 
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the  east.  Prior  to  this  project,  Pennsylvanian  fossils  from  Illinois 
have  been  known  chiefly  from  the  pioneer  works  of  the  second  half  of  the 
nineteenth  century,  monographs  on  the  Fusulinidae  by  Dunbar  and  Henbest 
(1942)  and  on  the  Ostracoda  by  Cooper  (1946),  a  comprehensive  faunal 
list  of  western  Illinois  Pennsylvanian  fossils  (Wanless,  1958)  and  from 
scattered  descriptions  of  individual  organisms  and  casual  citations  of 
occurrence.  For  these  reasons  systematic  illustration,  description  and 
comment  on  some  of  the  more  than  150  taxa  reported  from  rocks  of  the 
Shumway  Cyclothem  is  of  value. 

PREVIOUS  STRATIGRAPHIC  AND  PALE0NT0L0GIC  WORK 


Stratigraphic  accounts  of  the  Shumway  Cyclothem  are  brief  and 
incomplete.  The  cyclothem  was  named  by  Weller  and  Newton  (1938)  and 
briefly  described  by  Weller  and  Bell  (1941).  A  type  locality  was 
finally  designated  by  Kosanke  et_  al_.  (I960)  for  the  Shumway  Limestone 
Member  of  the  Mattoon  Formation.  His  work  includes  a  detailed  strati¬ 
graphic  column  for  the  type  area,  but  formally  names  only  one  of  the 
units,  the  upper  limestone  member  of  this  paper,  in  the  sequence.  More 
comprehensive  accounts  of  these  efforts  are  to  be  found  in  the  unpub¬ 
lished  notes  of  S.  E.  Ekblaw,  made  in  1931  and  on  file  in  the  Illinois 
State  Geological  Survey  at  Urbana.  These  notes  are  more  readily 
available,  perhaps,  in  Scheihing's  (1978)  thesis  which  is  in  the  Library 
of  the  University  of  Illinois  at  Urbana. 

Correlation  of  the  Shumway  Cyclothem  rests  primarily  on  occurrence 
of  Triticites  turgidus  and  T.  pauper,  originally  described  from  the 
lower  limestone  member  by  Dunbar  and  Henbest  (1942).  At  the  time, 

Dunbar  and  Henbest  pointed  out  that,  inasmuch  as  these  taxa  occur  only 
in  the  Shumway  Cyclothem,  their  value  in  external  correlation  is  some¬ 
what  limited.  Later,  Cooper,  (1946),  on  the  basis  of  a  more  extensive 
collection  of  ostracodes,  placed  the  Shumway  in  the  Middle  Virgilian, 
equivalent  to  the  upper  part  of  the  Shawnee  Group  of  Kansas  and  environs. 
Subsequently,  Kosanke  et  aj_.  (1960)  and  Willman  et  a]_.  (1975)  correlated 
the  Shumway  with  the  base  of  the  Virgilian  and,  in  addition.  Sturgeon 
and  Hoare  (1968)  correlate  the  Shumway  Limestone  Member  with  the  Iatan 
Limestone  of  Kansas  and  the  Gaysport  Limestone  of  Ohio.  In  contrast, 
Moore  (1959,  Fig.  1)  correlates  the  Shumway  Limestone  with  the  Oread 
Limestone,  a  position  taken  by  Wanless  (personal  communication.  Fall, 
1962),  who  specifically  compared  the  Shumway  black,  fissile  shale 
member  with  the  Heebner  Shale  of  Kansas.  Wanless  (1975)  also  placed 
the  Omega  Limestone,  the  next  limestone  unit  below  the  Shumway  Limestone 
in  Illinois,  at  the  base  of  interval  E  in  the  Illinois  Basin.  Interval 
E,  an  informal  unit  utilized  in  the  Pennsylvanian  Paleotectonic  Map 
project  (McKee  et  al.,  1975)  was  defined  as  "essentially"  equivalent  to 
the  Virgilian.  Our  work  with  the  strophomenidinid  brachiopods  (Scheihing 
and  Langenheim,  1979)  appears  most  compatible  with  the  Oread  Limestone 
correlation,  but  is  not  incompatible  with  either  the  Iatan  Limestone  or 
upper  Shawnee  Group  allocations  of  Willman  et  a]_.  (1975)  and  Cooper 
(1946)  respectively. 

Additional  faunal  studies  of  the  Shumway  cyclothem  include  Tucker's 
(1976a, b)  account  of  nautiloid  cephalopods  and  his  faunal  list  of  taxa 
from  the  Shumway  Limestone  Member  (upper  limestone  member).  Finally, 
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we  (Scheihing  and  Langenheim,  1978)  have  briefly  described  the  mollusca 
and  one  trilobite  from  the  marine  portions  of  the  cyclothem. 

We  recognize  the  following  lithologic  units  at  the  type  locality 
of  the  Shumway  cyclothem: 

12  -  Massive  sandstone 

11  -  Claystone  and  shale 

10  -  Fossil iferous,  fine-grained,  gray  limestone:  the  upper 
limestone  member 

9  -  Gray,  calcareous  shale 

8  -  Black  fissile  shale:  the  black  shale  member 
7  -  Fossil iferous,  argillaceous,  gray  limestone:  the  lower 
limestone  member 

6  -  Fossil iferous,  calcareous  shale:  the  "clod" 

5  -  Coal :  the  Shumway  Coal 
4  -  Underclay 
3  -  Underclay  limestone 
2  -  Gray  shale  with  plant  fragments 
1  -  Interbedded  siltstone  and  sandstone 

Members  6  through  10  have  supplied  the  fossils  described  in  this  report 
and  the  remaining  members  are  considered  to  be  of  non-marine  origin. 

All  units  between  the  coal  and  the  upper  limestone  appear  to  have  grada¬ 
tional  contacts  and,  therefore,  no  hiatus  is  recognized  in  their  deposi- 
tional  history. 

All  of  the  fossils  described  in  this  report  were  obtained  from  a 
series  of  measured  sections  and  from  intervening  outcrops  at  the  type 
locality  of  the  Shumway  Cyclothem,  SE  1/4,  SE  1/4,  SW  1/4,  sec.  26, 

T.  9  N.,  R.  5  E.,  Effingham  County,  Illinois.  A  complete  faunal  list 
for  these  localities  is  contained  in  a  thesis  by  Scheihing  (1978)  that 
is  principally  devoted  to  consideration  of  paleoenvironmental  succession 
within  the  Shumway  Cyclothem.  Catalog  numbers  refer  to  the  type  collec¬ 
tion  of  the  Department  of  Geology,  University  of  Illinois,  Urbana. 

SYSTEMATIC  PALEONTOLOGY 


Class  Inarticulata  Huxley,  1869 
Family  Lingulidae  Menke,  1828 
Genus  Lingula  Bruguiere,  1792 
(?)  Lingula  carbonaria  Shumard 
Plate  1 ,  Figure  1 

Lingula  carbonaria  Dunbar  and  Condra,  1932,  p.  31,  32,  pi.  1,  figs.  1,  2 
Hoare,  1961,  p.  21,  22,  pi .  1 ,  figs.  1,  2;  Sturgeon  and  Hoare,  1968,  p. 
21 ,  pi .  1 ,  figs.  1 -3. 

Discussion:  Our  single  specimen  is  referred  to  L_.  carbonaria 
because  of  its  general  outline  of  the  valve,  ornamentation,  and  because 
of  the  affinity  of  the  species  to  black  and  dark  gray  shales  (Dunbar 
and  Condra,  1932,  p.  33). 

Occurrence:  Black  shale  member,  unit  8.  Dunbar  and  Condra  (1932, 
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p.  33)  report  this  species  ranging  throughout  the  Pennsylvanian  System 
in  the  Mississippi  Valley. 

Material :  One  valve  impression.  Hypotype  X-5655. 

(?)  Lingulid 
Plate  1 ,  Figure  2 

Description:  Shell  small,  subcircular  in  outline,  precise  shell 
convexity  indeterminate  because  of  compaction.  Shell  material  fibrous. 
Immature  specimens  planar  to  slightly  convex  where  compressed,  mature 
specimens  with  corrugated  anterior  margin.  Growth  lines  visible  on 
more  mature  specimens. 

Characteristic  specimens  are  6  mm  long,  6  mm  wide. 

Discussion:  The  specimens  are  referred  to  Order  only  on  the  basis 
of  shell  size,  shape,  and  presence  in  black  shale. 

Occurrence:  Black  shale  member,  unit  8. 

Material :  Numerous  specimens  from  black  shale,  mostly  crushed  and 
fragmentary.  Hypotype  X-5658. 


Genus  Trigonogl ossa  Dunbar  and  Condra,  1932 
(?)  Trigonoglossa  cf.  T.  nebrascensis  Dunbar  and  Condra,  1932 

Plate  1 ,  Figure  3 

Trigonoglossa  nebrascensis  Dunbar  and  Condra,  1932,  p.  37-39,  pi .  1 , 
figs.  5,  6;  Sturgeon  and  Hoare,  1968,  p.  21,  22,  pi .  1 ,  figs.  5,  6. 

Description:  Valve  fragment  preserving  straight  lateral  margin. 
Valve  surface  bears  sharp,  concentric  lirae  at  approximately  27  lirae/cm. 
Interlirae  flat. 

Discussion:  This  fragmentary  specimen  with  a  straight  lateral 
margin  and  sharp,  widely  spaced  lirae  is  tentatively  assigned  to 
Trigonoglossa  nebrascensis.  A  similar  species,  T.  kentuckyensis  Dunbar 
and  Condra  differs  in  being  larger  and  having  more  closely  spaced  lirae. 

Occurrence:  Black  shale  member,  unit  8. 

According  to  Dunbar  and  Condra  (1932)  T.  nebrascensis  ranges  at 
least  from  the  Late  Desmoinesian  through  the  Virgil ian.  These  author¬ 
ities  also  place  X-  kentuckyensis  in  the  Desmoinesian.  Sturgeon  and 
Hoare  (1968)  report  X*  nebrascensis  in  the  Desmoinesian  of  Ohio. 

Material :  One  fragmentary  valve.  Hypotype  X- 5656 . 
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Family  Disci nadae  Gray,  1840 
Genus  Orbiculoidea  d'Orbigny,  1847 
Orbiduloidea  missouriensis  (Shumard) 

Plate  1 ,  Figure  4 

Orbiculoidea  missouriensis  Dunbar  and  Condra,  1932,  p.  42-45,  pi .  1 , 
figs.  12-17;  Hoare,  1961,  p.  22,  23,  pi.  1,  figs.  3-5;  Sturgeon  and 
Hoare,  1968,  p.  22,  pi .  1 ,  figs  7-11. 

Description:  Shell  circular  in  outline.  Some  specimens  retain 
bluish-white  color  of  chitinophosphatic  material.  Brachial  valve  conical 
in  side  view,  anterior  slope  slightly  concave,  posterior  slope  flat,  no 
internal  markings  observed.  Apex  of  brachial  valve  approximately  1/3 
length  from  posterior  margin.  Pedicle  valves  flattened  by  compaction. 
Narrow  apical  foramen  paralleling  long  axis  on  anterior  of  apex,  approxi¬ 
mately  0.7  mm  long  in  a  specimen  6  mm  long.  Brachial  and  pedicle  valves 
bear  concentric  growth  lines,  fine  concentric  lirae.  Growth  lines, 
lirae  crowded  between  posterior  margin  and  apex  of  brachial  valve.  Mean 
length  of  Shumway  specimens  3.7  mm  (range  2.5  mm  to  7.5  mm);  mean  width 
3.9  mm  (range  2.6  mm  to  7.3  mm). 

Discussion:  The  specimens  examined  agree  well  with  the  descriptions 
of  Dunbar  and  Condra  (1932);  Hoare  (1961);  and  Sturgeon  and  Hoare  (1968) 
but  differ  in  their  small  size  and  almost  perfect  circularity.  In  addi¬ 
tion,  the  Shumway  specimens  apparently  lack  the  fine  radial  lirae  noted 
by  Hoare  (1961 ) . 

Occurrence:  Black  shale  member,  unit  8.  Dunbar  and  Condra  (1932) 
report  (3.  missouriensis  as  ranging  from  the  Desmoinesian  into  the  Permian 
in  the  Mississippi  Valey. 

Material :  Approximately  23  specimens  at  different  stages  of 
maturity.  Hypotype  X-5657. 


Class  Articulata  Huxley,  1869 
Family  Wei  1  erel  1  idae  Likharev  in  Pxzhonsni tskaya ,  1956 
Genus  Wei  1 erel la  Dunbar  and  Condra,  1932 
Wei  1 erel la  cf.  W.  tetrahedra  Dunbar  and  Condra 
Plate  1,  Figures  6-8 

Well erel! a  tetrahedra  Dunbar  and  Condra,  1932,  p.  291,  292,  pi.  37,  figs. 
11-16;  Hoare,  1961,  p.  31,  32,  pi.  4,  figs.  1-5;  Sturgeon  and  Hoare, 

1968,  p.  53,  54,  pi.  10,  figs.  7-9. 

Description:  Shell  small,  tetrahedral  in  outline.  Two  plicae  on 
dorsal  fold,  3  plicae  on  either  side  of  fold.  Floor  of  sinus  bends 
sharply  upward  to  meet  elevated  dorsal  fold.  Two  folds  in  sinus,  3  on 
dorsal  valve.  Lateral  slope  very  steep  on  dorsal  valve.  Interior 
characters  unobserved. 

One  specimen  is  8  mm  wide,  6  mm  long,  and  6  mm  high. 

Discussion:  Wei lerel la  spp.  described  by  Dunbar  and  Condra  (1932), 
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Sturgeon  and  Hoare  (1968)  and  Hoare  (1961)  display  considerable  diversity 
in  form  and,  in  view  of  our  small  sample,  we  are  unwilling  to  definitely 
assign  the  Shumway  specimens  to  W.  tetrahedra  Dunbar  and  Condra.  Final 
decisions  regarding  Shumway  Cyclothem  Wei lerella  specimens  will  require 
a  sufficiently  large  collection  to  display  the  total  range  of  morphologic 
diversity  in  the  fauna  and  to  allow  sacrifice  of  specimens  for  serial 
sectioning. 

Occurrence:  Upper  limestone  member,  unit  10. 

The  range  of  Wei lerella  tetrahedra  Dunbar  and  Condra  is  reported  as 
Desmoinesian  to  no  more  than  Middle  Missourian  by  Dunbar  and  Condra 
(1932).  Sturgeon  and  Hoare  (1968)  restrict  the  species  to  the  Desmoine¬ 
sian  in  Ohio  and  Hoare  (1961)  cites  it  ranging  through  much  of  the 
Desmoinesian  in  Missouri.  Thus,  the  species  appears  predominantly  of 
Desmoinesian  age.  It  should  be  noted  that  other  species  of  Wellerella, 
such  as  Wellerella  osagensis  do  occur  in  the  upper  part  of  the  Pennsyl¬ 
vanian  and  might  possibly  be  a  more  appropriate  category  for  the  Shumway 
specimens. 

Material:  Two  articulated  specimens.  Hypotype  X-5666. 


Family  Athyrididae  McCoy,  1844 
Genus  Compos ita  Brown,  1849 
Compos ita  argentea  (Shepard) 

Plate  3,  Figures  1-5 

Composita  argentea  Dunbar  and  Condra,  1932,  p.  367-369,  pi.  43,  figs. 
1-6;  Sturgeon  and  Hoare,  1968,  p.  58,  pi.  18,  figs.  19-24. 

Description:  Shell  small,  broadly  oval  to  subcircular,  widest  at 
midlength,  convexity  greatest  at  midlength  both  on  ventral  and  dorsal 
valves.  Tongue  of  ventral  sulcus  moderate.  Dorsal  valve  low,  broad. 
Internal  characters  unobserved.  Dimensions  of  two  specimens:  width 
12  mm,  length  13  mm;  width  18  mm,  length  20  mm. 

Pi  sc  us  si  on:  C^.  subtil  ita  is  distinguished  from  £.  argentea  by  the 
latter's  more  oval  outline,  shorter  ventral  beak,  later  appearance  of 
fold  and  sulcus  and  low  dorsal  fold  and  ventral  sulcus.  Sturgeon  and 
Hoare  (1968),  however,  have  commented  that  C.  argentea  and  C.  subtil ita 
overlap  in  character.  The  individual  shown  on  PI.  2,  Fig.  5  is  one  of 
two  poorly  preserved  specimens  provisionally  assigned  to  C^.  argentea . 

Occurrence:  Upper  limestone  member,  unit  10. 

Dunbar  and  Condra  (1932)  give  a  range  of  Early  Desmoinesian 
(Middle  Cherokee  Shale)  to  Early  Virgil ian  (Plattsmouth  Limestone)  for 
Composita  argentea. 

Material :  Five  articulated  specimens.  Hypotypes  X-5659,  X- 5661 . 
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Composita  subtil ita  (Hall) 
Plate  3,  Figures  6-8 


Composita  subtil ita  Dunbar  and  Condra,  1932,  p.  363-366,  pi.  43,  figs. 
7-13;  Hoare,  1961,  p.  89,  90,  pi.  11,  figs.  20-25,  pi.  12,  figs.  1,  2; 
Sturgeon  and  Hoare,  1968,  p.  57,  pi.  18,  figs.  5-10. 

Description:  Shell  small  to  moderate  size,  subovate  in  outline. 
Valves  subequal  in  convexity,  no  recognizable  hingeline  or  cardinal  area. 
Shell  material  distinctly  fibrous,  with  prominent  growth  lines  on  ventral 
valve.  Deep,  elongate  median  sulcus  on  ventral  valve  anterior  with 
corresponding  dorsal  fold.  Beak  curves  inward  against  dorsal  valve.  No 
internal  features  observed. 

One  specimen  11  mm  wide,  13  mm  long,  8  mm  thick. 

Discussion:  The  more  than  40  species  of  Composita  described  and 
recognized  from  rocks  of  Latest  Devonian  through  Middle  Permian  age  in 
North  America  are  exceedingly  diverse  in  individual  external  morphology 
and,  unfortunately,  criteria  derived  from  that  morphology  are  the  basis 
for  species  distinction.  Individual  populations  of  Composita  commonly 
contain  individuals  fitting  the  species  descriptions  of  two  or  more 
species.  Furthermore,  available  descriptions  of  species  occurrences 
commonly  do  not  consider  variability.  Grinnel 1  and  Andrews  (1964)  have 
attempted  to  describe  the  morphologic  development  of  species  in 
Composita  through  statistical  analysis  and  more  subjective  examination. 
These  authors  conclude  that,  although  most  of  the  defined  species  must 
be  considered  parts  of  a  single  Mendel ian  population,  careful  considera¬ 
tion  of  "morphologic"  changes  through  geologic  time  (in  Composita  spp.) 
should  make  many  of  the  species  more  valuable  guide  fossils  (Grinnel 1 
and  Andrews,  1964,  p,  245). 

Composita  subtil ita  is  the  most  widespread  and  abundant  Pennsyl¬ 
vanian  species  of  Composita.  Characters  generally  utilized  in 
distinguishing  it  from  C^.  argentea  are  discussed  under  that  species 
description. 

Occurrence:  Upper  limestone  member,  unit  10. 

Dunbar  and  Condra  (1932)  and  Grinnel  1  and  Andrews  (1964)  report  a 
range  for  Composita  subtil ita  from  the  Atokan  through  the  Leonardian. 

Material :  Two  articulated  specimens.  Hypotype  X-5660. 


Family  Spiriferidae  King,  1846 
Genus  Neospirifer  Fredericks,  1919  (1924) 

Neospirifer  dunbari  dunbari  R.  H.  King 
Plate  2,  Figures  4-6 

Neospirifer  triplicatus  Dunbar  and  Condra,  1932,  p.  329-332,  pi.  39, 
fig.  5,  pi.  41,  figs.  1-6;  Neospirifer  dunbari  dunbari  Spencer,  1967, 
p.  22-23,  fig.  13-3,  14;  Neospirifer  dunbari  Sturgeon  and  Hoare,  1968, 
p.  62-63,  pi.  20,  figs.  8-15. 
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Description:  Valves  medium  size,  widest  at  hingeline,  valves 
approximately  equally  convex  with  shallow  to  moderate  angular  ventral 
sulcus  and  corresponding  fold  and  produced  cardinal  extremities. 

Pointed  beak  curves  inward  over  triangular  cardinal  area.  Subangular 
costae  gathered  in  fascicular  bundles  of  approximately  3  costae  each. 
About  10  costae  within  median  sulcus  at  anterior  margin  and  about  15  on 
each  flank  at  anterior  margin.  Internal  characters  unobserved. 

A  single  specimen  is  36  mm  wide,  21  mm  long,  15  mm  thick. 

Discussion:  The  Shumway  specimen  has  been  assigned  to  JN.  dunbari 
dunbari  on  the  basis  of  its  external  characters  only.  The  subtrianqular 
outline,  angular  sulcus,  form  of  costae,  and  proportions  closely  resemble 
individuals  illustrated  by  Spencer  (1967),  Sturgeon  and  Hoare  (1968)  and 
Dunbar  and  Condra  (1932).  Our  specimen,  however,  is  somewhat  small  for 
the  species  and  appears  to  have  somewhat  fewer  costae  than  expected. 

Occurrence:  Upper  limestone  member,  unit  10. 

Spencer  (1967)  reports  N.  dunbari  dunbari  as  ranging  throughout 
the  Pennsylvanian  sequence  of  Kansas  and  continuing  into  the  Permian. 
Sturgeon  and  Hoare  (1968)  report  a  range  from  the  Late  Missourian  Ames 
Limestone  through  the  Virgil ian  Skelly  Limestone  of  Ohio. 

Material :  One  articulated  specimen.  Hypotype  X- 5663 . 


Neospirifer  dunbari  gibbosus  Dunbar  and  Condra 
Plate  2,  Figures  1-3 

Neospirifer  triplicatus  var.  gibbosus,  Dunbar  and  Condra,  1932,  p.  333, 
pi.  XXXVIII,  figs.  14-15;  Spencer,  1967,  p.  24-25,  fig.  13-4. 

Description:  Valves  strongly  convex,  widest  at  straight  hingeline 
or  just  anterior  to  hingeline.  Shell  material  fibrous.  Prominent, 
bluntly  pointed,  ventral  beak  curves  inward  over  dorsal  valve.  Cardinal 
extremities  slightly  rounded  and  right-angled.  Sulcus  extends  from  umbo 
to  anterior  margin,  ending  in  a  tonguelike  structure.  Angular  median 
sinus  with  slightly  to  moderately  produced  dorsal  fold.  Subangular 
plications  mildly  fasciculate,  mean  of  10,  range  of  8  to  18  plications/cm 
on  anterior  margin. 

Mean  width  34  mm  (range  31  mm  to  38  mm);  mean  length  20  mm  (range 
18  mm  to  25  mm);  mean  thickness  2.59  (range  2.54  to  2.66). 

Discussion:  The  Shumway  Cyclothem  specimens  have  been  assigned  to 
N.  dunbari  gibbosus  because  of  the  form  and  pattern  of  costae,  outline 
and  gibbosity. 

Occurrence:  Upper  and  lower  limestone  members,  units  7  and  10. 
Spencer  (1967)  reports  N_.  dunbari  gibbosus  as  ranging  from  the  Lower 
Missourian  Winterset  Limestone  through  the  Iatan  Limestone. 
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Material :  Approximately  10  specimens,  some  complete  and  articulated. 
Hypotype  X-5664 


Family  Elythidae  Frederiks,  1919  (1924) 

Genus  Phricodothyris  George,  1932 
Phricodothyris  perpl exa  (McChesney) 

Plate  1 ,  Figure  5 

Squamularia  perpl exa  Dunbar  and  Condra,  1932,  p.  313-317,  pi.  42,  figs. 
5-8;  Condrathyris  perpl exa  Hoare,  1961,  p.  82-84,  pi.  11,  figs.  4-6; 
Phricodothyris  perplexa.  Sturgeon  and  Hoare,  1961,  p.  67,  68,  pi.  22, 
figs.  10-14. 


Description:  Shell  oval  to  suboval  to  almost  circular  in  outline. 
Ventral  valve  strongly  convex,  bears  fine  growth  lines.  Beak  prominent, 
overarches  dorsal  valve.  Shell  material  fibrous.  Valve  interiors  not 
observed . 

Mean  width  12  mm  (range  9  mm  to  13  mm);  mean  length  13  mm  (range 
12  mm  to  15  mm);  mean  length/width  ratio  0.87  (range  0.75  to  1.0). 

Discussion:  The  Shumway  specimens  are  assigned  to  P_.  perplexa  on 
the  basis  of  size,  convex  ventral  valve,  overarching  beak,  and  shell 
outline.  The  specimens,  however,  are  slightly  smaller  than  those  des¬ 
cribed  by  Sturgeon  and  Hoare  (1968).  Most  of  the  specimens  in  the 
Shumway  collection  are  exfoliated,  precluding  study  of  fine  surface 
ornamentation  noted  by  the  authors  cited  above. 

Occurrence:  Upper  limestone  member,  unit  10.  Dunbar  and  Condra 
(1932)  report  IP.  perplexa  as  ranging  from  the  Desmoinesian  Cherokee 
Shale  to  the  Middle  Virgil ian  Calhoun  Shale.  Sturgeon  and  Hoare  (1968) 
report  it  ranging  from  the  base  of  the  Desmoinesian  through  the  Ames 
Limestone  near  the  top  of  the  Missourian  in  Ohio. 

Material :  Eight  specimens,  many  articulated,  but  with  the  dorsal 
valve  buried  in  matrix.  Hypotype  X-5665. 

Family  Ambocoel i idae  George,  1931 
Genus  Crurithyris  George,  1931 
Crurithyris  planoconvexa  (Shumard) 

Plate  1 ,  Figures  9-11 

Ambocoel ia  planoconvexa  Dunbar  and  Condra,  1932,  p.  344-348,  pi.  42, 
figs.  12-14;  Crurithyris  planoconvexa,  Hoare,  1961,  p.  81,  82,  pi.  11, 
figs.  1-3;  Sturgeon  and  Hoare,  1968,  p.  60,  61,  pi.  19,  figs.  21-25. 

Descri ption:  Shell  small,  almost  circular  in  outline,  strongly 
planoconvex.  Shell  material  fibrous,  bearing  faint  growth  lines. 

Ventral  valve  convex.  Beak  strongly  incurved  over  dorsal  valve.  Dorsal 
valve  very  slightly  convex;  almost  flattened.  Internal  characters 
unobserved. 

Mean  width  6  mm  (range  5  mm  to  8  mm);  mean  length  6  mm  (range  4  mm 
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to  7  mm);  mean  thickness  2  mm  (range  2  mm  to  3  mm);  mean  length/width 
ratio  1.0  (range  0.80  to  1.2). 


Discussion:  The  small  size,  convexity  of  the  ventral  valve,  flat¬ 
ness  of  dorsal  valve,  subcurcular  outline,  and  strongly  incurved  beak 
are  diagnostic  of  the  species. 

Occurrence:  Upper  and  lower  limestone  members,  units  7  to  10. 

Dunbar  and  Condra  (1932)  report  C^.  planoconvexa  as  ranging  from  the 
Desmoines,  through  the  Pennsylvanian  and  into  the  Wolfcampian  in  Kansas, 
Nebraska  and  Missouri,  Sturgeon  and  Hoare  (1968)  similarly  find  it 
ranging  from  the  Early  Desmoinesian  Mercer  Limestone  through  the 
Virgil i an  Skelly  Limestone  in  Ohio. 

Material :  Many  specimens  from  both  the  upper  and  lower  limestone 
members.  Hypotype  X-5662. 
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Figures 

1 


Explanation  of  Plate  1 


(?)  Lingul a  carbonaria  Shumard 

Impression  of  valve.  Hypotype  X-5655.  Black  shale  member, 
Shumway  Cyclothem  type  locality. 

2  (?)  Lingul ida  Waagen 

Valve  fragment.  Hypotype  X-5658.  Black  shale  member, 
Shumway  Cyclothem  type  locality. 

3  (?)  Trigonoglossa  cf.  T.  nebrascensis  Dunbar  and  Condra 
Valve  fragment.  Hypotype  X-5656.  Black  shale  member, 
Shumway  Cyclothem  type  locality. 

4  Orbiculoidea  missouriensis  (Shumard) 

Brachial  valve.  Hypotype  X- 5657 .  Black  shale  member, 
Shumway  Cyclothem  type  locality. 

5  Phricodothyris  perplexa  (McChesney) 

Pedicle  valve  exterior,  partially  exfoliated.  Hypotype 
X-5665.  Upper  limestone  member,  Shumway  Cyclothem  type 
local ity. 

6-8  Wellerella  tetrahedra  Dunbar  and  Condra 

Anterior,  brachial,  and  pedicle  views  of  a  single  specimen. 
Hypotype  X-5666.  Upper  limestone  member,  Shumway  Cyclothem 
type  locality. 

9-11  Crurithyris  planoconvexa  (Shumard) 

Pedicle,  brachial,  and  lateral  views.  Hypotype  X- 5662 . 
Lower  limestone  member,  Shumway  Cyclothem  type  locality. 
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Figures 

1-3 


Explanation  of  Plate  2 


Neospirifer  dunbari  gibbosus  Dunbar  and  Condra 
Brachial,  lateral,  and  anterior  views.  Hypotype  X-5664. 
Upper  limestone  member,  Shumway  Cyclothem  type  locality. 

4-6  Neospirifer  dunbari  dunbari  R.  H.  King 

Brachial,  anterior  and  pedicle  views.  Hypotype  5663.  Upper 
limestone  member,  Shumway  Cyclothem  type  locality. 
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Explanation  of  Plate  3 


Figures 

1-4  Composita  argentea  (Shepard) 

Pedicle,  brachial,  lateral,  and  anterior  views  of  one 
articulated  specimen.  Hypotype  X-5659.  Upper  limestone 
member,  Shumway  Cyclothem  type  locality. 

5  Composita  argentea  (?)  (Shepard) 

Brachial  view.  Hypotype  X-5661 .  Upper  limestone  member, 
Shumway  Cyclothem  type  locality. 

6-8  Composita  subtil ita  (Hall) 

Pedicle,  brachial,  and  lateral  views.  Hypotype  X-5660. 
Upper  limestone  member,  Shumway  Cyclothem  type  locality. 
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KINETIC  STUDIES  ON  THE  DEHYDRATION  OF  AMMONIUM  OXALATE  MONOHYDRATE 

J.  E.  House,  Jr.,  Richard  J.  Cardot, 

Deborah  McCormack,  and  Stephen  E.  McCrotty 
Department  of  Chemistry 
Illinois  State  University 
Normal,  Illinois  61761 

ABSTRACT 

The  dehydration  of  ( NH4) 2C204*H20  has  been  studied 
using  both  isothermal  techniques  and  thermogravi- 
metric  analysis  (TGA).  For  the  isothermal  process, 
the  activation  energy  was  found  to  be  87.7  kJ/mole 
and  the  data  provide  the  best  fit  to  a  zero  order 
rate  law.  For  the  TGA  curves,  the  best  fit  is 
found  for  a  2/3  order  and  the  activation  energy  of 
138  kJ/mole  was  found.  These  results  are  discussed 
in  comparison  with  those  for  the  dehydration  of 
CaC204*H20  which  is  a  commonly  used  standard  for 
solid  state  kinetics. 

INTRODUCTION 


The  kinetic  study  of  solid  state  reactions  by  nonisothermal 
techniques  is  currently  a  topic  receiving  a  great  deal  of  attention 
(Brown  and  Phi 11 potts,  1978).  The  use  of  thermogravimetric  analysis 
(TGA)  and  differential  scanning  calorimetry  (DSC)  to  study  kinetics 
by  non-isothermal  techniques  has  resulted  in  a  great  body  of  literature 
in  this  area.  A  sizeable  number  of  kinetic  equations  are  employed  for 
different  systems. 

The  applicability  of  the  numerous  kinetic  equations  has  been 
tested  most  often  by  studying  the  dehydration  of  calcium  oxalate 
monohydrate  (Freeman  and  Carroll,  1958;  Horowitz  and  Metzger,  1963; 
Coats  and  Redfern,  1964;  Nair  and  Ninan,  1978).  This  process  has  an 
activation  energy  of  about  90  kJ/mole  and  obeys  a  reaction  order  of 
about  2/3.  Because  the  dehydration  of  calcium  oxalate  monohydrate  is 
often  used  as  a  model  for  solid  state  reactions,  we  have  studied  the 
kinetics  of  dehydration  of  ammonium  oxalate  monohydrate  as  an  alter¬ 
native.  This  report  describes  the  results  of  isothermal  and  TGA  studies 
on  that  compound. 
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MASS 


EXPERIMENTAL 


The  ammonium  oxalate  monohydrate  used  in  this  work  was  reagent 
grade  material  from  Matheson,  Coleman,  and  Bell,  and  it  was  used 
without  further  treatment.  Isothermal  kinetic  studies  were- carried 
out  as  previously  described  (House  and  Strode,  1968;  Strode  and  House, 
1972).  The  extent  of  the  dehydration  process  was  determined  from  the 
mass  loss  from  several  samples  heated  in  an  oil  bath  maintained  at 
constant  temperature.  The  observed  mass  losses  were  used  to  calculate 
a,  the  fraction  of  the  reaction  complete.  TGA  results  were  obtained 
using  a  Perkin-Elmer  Thermogravimetric  Analysis  System,  TGS-2.  Both 
mass  loss  and  first  derivative  curves  were  obtained.  Samples  were 
heated  at  10  °C/min  (3)  in  a  dynamic  nitrogen  atmosphere. 

RESULTS  AND  DISCUSSION 


Figure  1  shows  the  TGA  and  first  derivative  curves  for  (NH4)2C204*H20. 


TEMPERATURE,  °C 

Figure  1.  TGA  and  first  derivative  curves  for  ammonium  oxalate  monohydrate. 
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Dehydration  occurs  in  the  region  of  100-125  °C.  This  segment  of  the 
curve  has  been  analyzed  by  us  using  the  equation  derived  by  Coats  and 
Redfern  (1964), 


l-d-a)1-" 

(l-n)T2 


E 

RT 


where  n  is  the  reaction  order,  a  is  the  fraction  of  the  reaction  com¬ 
plete,  E  is  the  activation  energy,  T  is  the  absolute  temperature,  A 
is  the  frequency  factor,  and  R  is  the  molar  gas  constant.  A  recent 
comparison  showed  that  other  kinetic  equations  appear  to  have  no 
advantage  over  this  equation  (Nair  and  Ninan,  1978).  For  solid  state 
reactions,  there  is  theoretical  justification  for  reaction  orders  of 
0,  1/2,  2/3,  and  1.  However,  the  optimum  order  for  the  dehydration 
of  CaC204* H2O  was  previously  reported  as  0.71  (Coats  and  Redfern,  1964), 
although  the  most  recently  used  value  is  0.65  (Nair  and  Ninan,  1978). 
Accordingly,  Equation  (1)  was  used  to  test  these  assumed  kinetic  orders 
using  a  linear  regression  analysis.  These  results  are  shown  in  Table  1. 

Table  1.  Kinetic  parameters  for  the  dehydration  of  ammonium  oxalate 
monohydrate  calculated  using  the  Coats  and  Redfern  equation  (  a  ranges 


from  0.14  to 

0.75 

in  each 

case) . 

Assumed 

Correlation 

Order 

Ea, 

kJ/mole 

Intercept 

A, 

sec-1 

Coefficient 

0 

116 

27.81 

2.93 

X 

0.982 

1/2 

134 

29.49 

1.80 

X 

\o]e 

0.990 

2/3 

141 

31.56 

1.48 

X 

10ll 

0,992 

0.71 

166 

39.53 

5.07 

X 

1020 

0.979 

3/4 

145 

32.74 

5.00 

X 

10n 

0.980 

1 

98.8 

19.72 

7.74 

X 

1011 

0.983 

The  data 

shown  in  Table  1  indicate 

that  the 

best 

fit  of  the  data 

is  provided  by  a  reaction  order  of  2/3,  al thought  the  relationship  is 
still  not  perfectly  linear.  Since  an  order  of  0.71  had  provided  the 
optimum  fit  to  the  data  for  the  dehydration  of  CaC204*Ho0,  that  value 
was  tried  here  (Coats  and  Redfern,  1964).  The  fit  whicn  was  obtained 
was  not,  however,  as  good  as  that  provided  by  a  2/3  order  equation. 

From  the  data  shown  in  Table  1,  it  is  readily  apparent  that  any  order 
from  1/2  to  3/4  provides  about  the  same  activation  energy  and  correla¬ 
tion  coefficient  when  the  appropriate  function,  f ( a  )  is  plotted  against 
1/T . 

For  a  reaction  taking  place 
equation , 

da 
dt 


in  the  solid  state,  the  general  kinetic 

=  k(l  -  a) n  (2) 
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can  readily  be  integrated  to  provide  rate  laws  for  any  desired  order  of 
reaction.  Probably  the  most  frequently  encountered  expression  is  the 
first  order  one, 


-In  (1  -  a)  =  kt 


This  rate  law  was 
thermal  reactions 
this  rate  law  did 
by  the  zero  order 
in  Figure  2. 


used  to  test  the  kinetic  data  obtained  from  the  iso- 
carried  out  in  this  work.  However,  it  was  found  that 
not  fit  the  data,  but  rather  a  good  fit  was  provided 
rate  law,«=kt.  Typical  plots  of  a  vs.  time  are  shown 


Figure  2.  Typical  plots  of  a  vs.  time  for  dehydration  of  (1^4)20204^20. 

The  plots  were  found  to  be  linear  over  almost  the  entire  reaction.  A 
linear  regression  analysis  of  the  data  in  the  linear  portions  of  the 
curves  provides  the  rate  constants  shown  in  Table  2. 
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Table  2.  Rate  constants  for  the  dehydration  of  ammonium  oxalate  mono¬ 
hydrate. 

Temperature,  °C  k,  sec"1 


80 

9.02 

X 

10 

85 

1.34 

X 

10 

90 

2.13 

X 

10 

95 

2.99 

X 

10 

The  rate  constants  shown  in  Table  2  provide  a  linear  Arrhenius 
plot.  A  linear  regression  analysis  of  the  In  k  and  1/T  values  yields 
an  activation  energy  of  87.7  kJ/mole  with  a  correlation  coefficient  of 
0.9987.  This  activation  energy  is  almost  identical  to  that  reported  for 
the  dehydration  of  CaCpO^hUO  (Coats  and  Redfern,  1964),  but  is  quite 
different  from  that  obtained  from  the  analysis  of  the  TGA  curves.  Using 
a  heating  rate  of  10°C/min  under  non-isothermal  conditions,  it  is  possible 
that  the  reaction  becomes  a  diffusion  controlled  one  in  which  the  rate 
of  escape  of  HpO  is  the  limiting  factor.  However,  this  might  not  be 
the  rate  controlling  process  when  samples  are  heated  isothermally  for 
long  periods  of  time  and  a  different  order  and  activation  energy  could 
result.  Whether  this  difference  in  activation  energy  for  dehydration 
of  (NHjpCoO/i*  HpO  under  isothermal  and  non-isothermal  conditions 
is  duetto  hyarogen  bonding  of  ammonium  ions  to  the  oxalate  ions  is  not 
known.  This  could  not,  of  course,  be  a  factor  in  the  dehydration  of 
CaCpC^-HpO  and  in  that  case  similar  results  have  been  obtained  for  iso¬ 
thermal  and  non-isothermal  studies.  It  may  be  that  under  non-isothermal 
conditions  where  the  water  must  be  lost  rapidly,  the  diffusion  of  HpO  is 
retarded  by  hydrogen  bonding  or  some  other  means.  Although  the  majority 
of  reactions  when  studied  isothermally  or  non-isothermally  yield  similar 
results,  we  have  recently  observed  different  kinetic  behavior  for  systems 
studied  both  ways  (House  and  Smith,  1977). 


The  TGA  curve  shown  in  Figure  1  indicates  that  at  temperatures 
above  190  °C  the  anhydrous  (NH^pC^  begins  to  decompose.  The  de¬ 
composition  is  gradual  at  firs?  ana  the  fraction  decomposed  follows  the 
first  order  equation, 


1  AR  E 

In  In  - -  —  2  In  T  =  In - 

( 1-a)  BE  RT 


(4) 


very  well.  The  final  product  of  this  reaction  can  not  be  established 
because  an  abrupt  change  in  the  reaction  occurs  beginning  at  245  °C  and 
leads  to  complete  decomposition.  In  the  interval  from  200' to  24-o  °c, 
the  values  for  «  and  T  have  been  analyzed  using  tqu auu..  .  . 

activation  energy  of  90.9  kJ/mole  results  with  a  correlation  coefficient 

for  the  fit  being  0.9986. 

Decomposition  of  simple  oxalates  such  as  CaC204  leads  to  the 
carbonate  by  loss  of  CO.  However,  this  process  has  an  ^t^tio"  ®?®tgy 
of  about  250  kJ/mole  (Nair  and  Ninan,  1978).  Because  of  the  low  activa 
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tion  energy  for  the  initial  decomposition  of  (NH4) 2^04,  it  is  likely 
that  the  reaction  involves  the  loss  of  ammonia  by  a  proton  transfer.  The 
activation  energy  found  here  is  very  close  to  that  which  we. have  found 
for  other  such  processes.  The  latter  stage  of  decomposition  does  not 
follow  any  simple  kinetic  pattern.  It  most  certainly  does  not  lead 
to  the  carbonate  as  does  the  decomposition  of  calcium  oxalate. 

The  results  of  this  study  show  that  the  dehydration  and  decompo¬ 
sition  of  ammonium  oxalate  monohydrate  is  somewhat  more  complicated 
than  that  of  calcium  oxalate  monohydrate. 
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ABSTRACT :  A  floristics  study  of  Draper's  Bluff  in 
extreme  southern  Illinois  is  presented  with  descrip¬ 
tions  of  4  broad  community  associations.  This  is 
followed  by  an  annotated  checklist  of  507  vascular 
plants  found  within  the  study  area.  A  brief  des¬ 
cription  of  climate,  topography  and  geology,  and 
soils  is  also  included. 


This  floristics  study  was  undertaken  in  an  area  of  the  Shawnee 
National  Forest  known  as  Draper's  Bluff.  It  is  located  in  extreme 
southern  Illinois  on  the  Union-Johnson  county  line,  approximately 
16  miles  S.S.W.  of  Marion,  Illinois.  The  study  area  extends  through 
Sections  25  and  36  of  T  IIS  -  R  IE,  and  Sections  30  and  31  of  T  1 1 S  - 
R  2E.  The  total  area  encompassed  by  the  study  is  approximately  525 
acres,  of  which  325  acres  are  owned  by  the  U.S.  Forest  Service.  The 
remainder  is  under  private  ownership. 

This  area  was  chosen  for  study  because  it  has  long  attracted 
botanists,  but  has  never  been  systematically  botanized.  The  objectives 
of  this  study  were  to  (1)  compile  a  list  of  the  vascular  plants  col¬ 
lected  and  identified  from  the  area,  (2)  to  describe  the  plant  commu¬ 
nities,  and  (3)  to  give  a  general  description  of  the  climate,  topo¬ 
graphy  and  geology,  and  soils  associated  with  these  communities. 


PHYSICAL  DESCRIPTION  OF  AREA 

CLIMATE.  The  climate  of  the  Shawnee  Hills  reflects  its  mid-latitude 
conti nental  location,  with  hot  humid  summers,  cool  to  cold  winters,  and 
fairly  abundant  precipitation  throughout  the  year.  Winter  and  spring 
tend  to  be  the  wettest  seasons,  while  summer  and  fall  are  generally 
dri  er . 

The  average  annual  temperature  at  Anna  (11  miles  S.W.  of  the  study 
area),  is  14°C.  Average  temperature  for  January,  the  coldest  month,  is 
1  . 6°C  while  July,  the  hottest  month,  has  an  average  of  26°C.  The 
average  frost  free  period  is  200  days,  with  the  last  killing  frost 
occurring  April  9th  and  the  average  first  killing  frost  occurring 
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October  26th. 


The  average  annual  precipitation  at  Anna  is  120  cm.,  of  which  54% 
or  64.8  cm.  falls  during  the  growing  season.  March,  usually  the  wet¬ 
test  month,  receives  an  average  of  11.7  cm.  of  precipitation  while 
October,  the  driest  month,  receives  an  average  of  8.7  cm.  Average 
yearly  snowfall  is  generally  about  25.4  cm.  (Page,  1949). 

TOPOGRAPHY  AND  GEOLOGY.  Physiographi cal ly ,  Draper's  Bluff  is  located 
in  the  Greater  Shawnee  Hills  Section  of  the  Shawnee  Hills  Division  in 
the  Interior  Low  Plateau  Province  of  North  America  (Leighton,  et  al  . , 
1948).  The  bluff  forms  a  prominent  part  of  the  sandstone  cuesta,  a 
continuous  asymmetrical  ridge  which  runs  east  and  west  across  southern 
Illinois  (Harris,  et  al_. ,  1977). 

Within  the  study  area,  the  lowest  elevation  of  approximately 
410  feet  above  sea  level  occurs  along  Lick  Creek  on  the  N.W.  side  of 
the  study  boundary.  From  the  creek,  the  slopes  rise  steeply  to  the 
top  of  the  bluff  where  the  highest  elevation  is  approximately  770  feet 
above  sea  level.  The  most  outstanding  topographic  feature  of  the  study 
area  is  the  vertical  sandstone  escarpment  which  forms  the  face  of 
Draper's  Bluff.  These  cliffs  have  an  average  height  of  90-100  feet 
with  the  tallest  rising  over  110  feet.  The  escarpment  face  runs  N.W.- 
S.E.  for  nearly  3/4  of  a  mile,  then  turns  abruptly  to  the  East  and 
continues  for  about  1/2  mile  before  breaking  down.  The  large  cliffs 
resume  again  in  neighboring  Cedar  Bluff  (Fig.  1). 

This  varied  relief  reflects  the  bedrock  geology  of  the  area. 

Highly  resistant  sandstone  caps  the  ridges  and  forms  the  large  cliffs, 
while  less  resistant  shales  and  limestones  form  the  substrata  of  the 
lowland  areas.  According  to  Weller  (1927),  the  present  relief  of  the 
area  can  mainly  be  attributed  to  stream  erosion  and  was  largely  com¬ 
pleted  before  the  Illinoian  glacial  period. 

The  dominant  type  of  rock,  which  is  Pennsylvanian  in  age,  is 
Battery  Rock  Sandstone  of  the  lower  Caseyville  formation.  This  sand¬ 
stone  is  one  of  the  prominent  cl  iff- forming  units  along  the  southern 
slope  of  the  Greater  Shawnee  Hills,  where  it  occupies  a  band  a  mile  or 
more  in  width  (Harris,  et_  al_. ,  1977).  The  Battery  Rock  is  a  thick 
bedded,  wel 1 -cemented  conglomeritic  sandstone  with  occasional  layers 
of  quartz  pebble  conglomerate  occurring  (Willman,  et_  al_. ,  1975). 

Underlying  the  Battery  Rock  Sandstone  and  forming  the  bedrock  of 
the  lower  areas  are  shale  and  limestone  of  Upper  Mississippian  age. 
Grove  Church  Shale  and  Kinkaid  Limestone  are  the  representati ve  members 
of  this  formation  (Harris,  et  aj_. ,  1977).  They  form  the  gentler  slopes 
and  are,  for  the  most  part,  covered  with  a  mantle  of  soil.  Kinkaid 
limestone  is  occasionally  exposed  in  stream  beds  and  around  several 
smal 1  springs .  Grove  Church  Shale  is  exposed  in  a  road  cut  immediately 
east  of  Draper's  Bluff  and  is  named  for  Cedar  Grove  Church,  which  is 
located  nearby  (Willman,  et  al.,  1975). 
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SOILS.  The  soils  of  the  study  area  are  of  the  Hosmer-Manitou  associa- 
tion ,  which  occurs  on  upland  areas,  and  the  Sharon-Bel knap  association, 
which  is  found  in  the  lowland  areas.  The  upland  soils,  except  those 
on  very  steep  slopes,  have  developed  from  loess  under  forest  vegeta¬ 
tion,  while  the  bottomlands  contain  soils  derived  from  sediments 
washed  from  leached  upland  soils  (Fernbacher,  et  a]_. ,  1955). 

On  gently  sloping,  uneroded  uplands,  loess  thickness  varies  from 
80  to  over  200  inches,  while  steep  slopes  and  eroded  uplands  have  from 
40  inches  to  very  little,  if  any,  loess  present.  Four  soil  types  of 
the  Hosmer-Manitou  soil  association  occur  on  the  upland  areas.  These 
soils  are  all  acidic,  low  in  available  phosphorous,  and  medium  in 
available  potassium. 

The  Stoy  and  Hosmer  soil  types  can  be  found  on  ridgetops  and  mod¬ 
erate  slopes  in  loess  over  40  inches  in  thickness.  The  Stoy,  a  silt 
loam,  occurs  on  nearly  level  to  gently  sloping  uplands,  while  the 
Hosmer  soil,  also  a  silt  loam,  occurs  on  gently  sloping  to  steep  up¬ 
land  areas.  They  are  both  light-colored,  medium  textured  soils,  but 
the  Stoy  is  imperfectly  drained  while  the  Hosmer  is  moderatley  well 
drained  (Anonymous,  1949).  Because  of  their  depth  and  the  relatively 
flat  topography  they  occupy,  most  of  these  soil  types  were  cultivated 
at  one  time.  They  now  support  various  stages  of  old  field  succession. 

The  Manitou  soil  type  occurs  on  steeply  sloping  upland  areas  where 
loess  thickness  is  from  20  to  40  inches,  and  the  Well ston-Muskingum 
complex  developes  on  steep  uplands  with  only  10  to  20  inches  of  loess. 
Both  of  these  soils  are  light-colored,  medium  textured,  and  well 
drained,  but  the  Wei  1 ston-Muskingum  complex,  because  of  its  shallow 
depth,  contains  many  stones  and  bedrock  outcrops  (Anonymous,  1949). 

Both  of  these  soil  types,  because  of  their  shallow  depth  and  steep 
locations,  are  associated  with  forest  vegetation.  They  support  either 
mesic  or  dry  woods,  depending  on  the  directional  aspect  of  the  slope. 

In  the  floodplain  area  along  Lick  Creek,  the  Sharon-Bel knap  soil 
association  occurs.  The  four  soils  in  this  association  are  all  light 
colored,  acid  silt  loams  with  the  main  differences  between  the  types 
being  drainage.  The  Sharon  soil  is  moderatly  to  well  drained,  the 
Belknap  soil  is  imperfectly  drained,  and  the  Bonnie  soil  is  poorly  to 
very  poorly  drained.  The  Burnside  soil  is  imperfectly  to  well  drained, 
but  differs  from  the  others  in  that  bedrock  occurs  only  12-35  inches 
below  the  surface  (Anonymous,  1949).  In  the  study  area,  these  soils 
were  at  one  time  heavily  disturbed,  but  now  support  a  late  successional 
stage  of  bottomland  forest.  The  poorest  drained  soils  contain  marsh¬ 
like  areas  with  standing  water  for  most  of  the  year. 


PROCEDURES 

The  study  was  conducted  from  February,  1976,  through  October,  1977. 
Frequency  of  collecting  trips  varied  from  2  to  3  times  weekly  during 
the  spring  and  early  summer,  to  not  less  than  once  a  week  during  mid¬ 
summer  through  fall.  All  voucher  specimens  were  placed  in  the  herba- 
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rium  at  Southern  Illinois  University  in  Carbondale  (SIU).  All  nomen¬ 
clature  follows  that  of  Mohlenbrock  (1975). 


PLANT  COMMUNITIES 

Due  to  the  varied  topography  of  the  study  area  and  the  resulting 
diversity  of  habitats,  many  plant  communities  occur  within  a  relatively 
small  area.  Each  community  is  not  delineated  by  distinct  boundaries, 
but  rather  grades  into  those  surrounding  it,  creating  a  mixed  associa¬ 
tion  of  plants  at  the  edges.  Four  broad  plant  communities  have  been 
recognized;  the  1)  Lowland  communities,  2)  Wooded  Slope  communities, 

3)  Blufftop  communities,  and  4)  Disturbed  communities. 

Lowland  Communities 


These  communities  include  a  narrow  zone  of  vegetation  along  the 
streambank  of  Lick  Creek,  a  broad  floodplain  woods,  and  a  small  area  of 
shallow  standing  water.  Bounded  on  the  west  by  Lick  Creek  and  else¬ 
where  by  steeply  ascending  wooded  slopes,  these  areas  are  subjected  to 
periodic  flooding.  The  lowlands  occur  at  an  elevation  below  420  feet 
above  sea  level  and  the  topography  is  generally  flat. 

STREAMBANK.  Lick  Creek  is  a  slow,  turbid  stream  approximately  6  meters 
wide  where  it  borders  the  study  area.  Its  steep  muddy  banks  contain 
few  rock  outcrops  and  support  minimal  herbaceous  taxa.  Dominant  trees 
along  the  streambank  are  Platanus  occidental i s ,  Cel ti s  occidental  is, 
Acer  saccharinum,  and  Ulmus  americana.  The  mid-layer  is  composed  of 
Acer  negundo,  Carpinus  carol  ini  anus ,  Acer  saccharum,  and  saplings  of 
the  dominant  canopy  trees.  Dense  stands  of  Arundinaria  gigantea  form 
a  conspicuous  shrubby  layer  along  much  of  the  streambank,  while  Sal ix 
interior  and  Sambucus  canadensis  are  common  shrubs  in  more  open,  often 
disturbed  areas.  Immediately  adjacent  to  the  streambank  and  extending 
up  the  base  of  the  wooded  slopes,  a  rich  herbaceous  layer  highlights 
the  vernal  aspect  of  the  lowlands.  First  to  flower  in  the  spring  are 
Corydal is  fl avula ,  Pi  centra  cucul laria,  Sanguinaria  canadensis ,  and 
Trillium  recurvatum.  With  the  advent  of  April,  the  ground  is  carpeted 
with  Erythronium  albidum,  E_.  ameri canurn,  Col  1  insi a  verna ,  Stylophorum 
diphyl lum,  Viola  pennsyl  vani  ca ,  V_.  striata  ,  and  V_.  sororia .  These  are 
closely  fol lowed  by  Gerani urn  macul atum,  Hybanthus  concol or ,  Hydrophyl - 
l  um  appendiculatum,  HL  vi rginianum,  and  Polemonium  reptans .  The  clos¬ 
ing  of  the  tree  canopy  signals  the  end  of  spring  and  a  sharp  reduction 
in  the  number  of  flowering  herbs.  Taxa  found  during  the  summer  and 
fall  are  essentially  the  same  as  those  of  the  floodplain  woods. 

FLOODPLAIN  WOODS.  Where  the  distance  between  Lick  Creek  and  the  wooded 
slopes  widens  substantially,  a  broad  floodplain  woods  occurs.  Aerial 
photographs  taken  in  1940  indicate  that  the  entire  floodplain  was 
cleared  sometime  prior  to  that  date.  Widely-spaced  trees,  a  sparse 
shrubby  layer,  and  an  often  continuous  ground  cover  of  Impatiens 
bi flora  contribute  to  the  park-like  physiognomy  of  this  area. 

Dominant  trees  composing  the  canopy  layer  are  those  of  the  stream- 
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bank,  as  well  as  Liriodendron  tulipifera,  Liquidambar  styraciflua, 
Quercus  palustris,  and  Fraxmus~pennsy'l vam cus  var.  subintegerrima  on 
better  drained  sites.  The  mid-layer  is  represented  by  Carpinus  carol - 
inianus ,  Acer  saccharum,  Ulmus  ameri cana ,  and  Prunus  serotina .  The 
intermittent  shrubby  layer  is  composed  primarily  of  Stap’hylea  tri folia 
and  Lindera  benzoin.  Woody  vines  include  Smilax  hispida,  Camps i s 
radicans ,  and  Toxi codendron  radicans. 

In  early  spring,  Corydal is  flavul a,  Isopyrum  biternatum,  Ari saema 
triphyllum,  and  various  species  of  Viola  and  Ranunculus  compose  the 
herbaceous  layer.  Valeriana  pauci flora.  Polygonum  punctatum,  and 
Ari saema  dracontium  appear  somewhat  later.  By  mid-summer,  the  herba¬ 
ceous  layer  is  reduced  to  Impatiens  bi flora,  Pi  lea  pumila.  Aster 
simplex,  and  A.  shortiana .  Unusual  plants  occurring  in  the  floodplain 
woods  include  Penstemon  all uviorum,  P i 1 ea  opaca ,  Xanthoxyl urn  america- 
num,  and  Sol idago  patul a . 

SEMI -AQUATIC  LOWLAND.  One  particularly  low-lying  area  adjacent  to 
Lick  Creek  remains  flooded  beneath  shallow  standing  water  for  much  of 
the  growing  season.  A  major  disturbance,  resulting  from  construction 
of  a  pipeline  through  the  study  area,  separates  this  area  from  the  rest 
of  the  lowlands  and  has  undoubtedly  affected  the  natural  drainage  pat¬ 
tern  to  some  extent. 

This  semi-aquatic  habitat  supports  no  woody  vegetation,  except 
along  the  periphery  where  Sambucus  canadensis  is  a  common  shrub.  The 
herbaceous  layer  is  composed  of  such  summer-flowering  taxa  as  Carex 
tribul  oides ,  C^.  vul  pi  noidea.  Sc  i  rpus  cyperi  nus  ,  S^.  atrovi  rens ,  and 
Juncus  effusus.  The  prominent  grass  is  Glyceria  striata,  which  is 
abundant.  Localized  colonies  of  Alisma  subcordata  and  Saururus  cer- 
nuus  are  well-established.  Also  present  are  Typha  lati folia,  C ry p to - 
taenia  canadensis ,  Rori ppa  sessilifol ia,  R.  islandica  var.  fernaldiana, 
and  Rumex  acetosel 1  a . 

Uncommon  species  occurring  here  include  Carex  comosa,  Galium  tinc- 
torium,  and  Festuca  ovina  var.  duriuscula. 


Wooded  Slope  Communities 

The  wooded  slopes  comprise  over  half  the  acreage  of  the  study  area 
and  are  the  richest  in  terms  of  number  of  species  and  diversity  of  ha¬ 
bitats.  The  slopes  occur  mainly  between  the  420  and  650  foot  contours 
and  include  all  ravines  or  canyons,  and  other  sloping  woods  which  are 
bordered  by  the  lowland  woods  and  the  sandstone  bluffs.  Because  of 
various  exposures  to  the  sun  and  the  resulting  moisture-temperature 
differences,  the  wooded  slopes  can  be  generally  divided  into  two 
communities:  the  mesic  slope  woods  and  the  dry  slope  woods. 

ME  SIC  SLOPES.  The  mesic  slope  community  consists  of  those  slopes 
having  a  northerly  or  easterly  exposure  and  other  protected  slopes  such 
as  those  in  deep  ravines  or  canyons.  The  moist  and  cool  environment 
of  these  protected  locations  has  created  a  rich  mesic  habitat  that 
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supports  a  wide  variety  of  woody  and  herbaceous  vegetation. 


The  forest  is  composed  of  tall  trees  which  form  a  dense  canopy. 
Many  species  share  dominance  with  Li riodendron  tulipifera,  Cary a 
cordi formis ,  Acer  saccharum,  Quercus  rubra ,  Nyssa  syl vatica ,  and  Frax- 
inus  americana  commonly  found.  Also  found  are  Ulmus  americana,  U_. 
rubra ,  Carya  ovata,  C_.  oval  is ,  and  Juglans  nigra.  On  the  lower  slopes 
just  above  the  floodplain,  Fagus  grandifolia  becomes  prominent. 

The  mid-layer  is  commonly  composed  of  Asimina  triloba,  Carpi nus 
carol i niana ,  Acer  negundo,  A.  rubrum,  and  saplings  of  the  dominant 
trees.  Aralia  spinosa  forms  a  conspicuous  thicket  in  one  area.  Char¬ 
acteristic  shrubs  of  the  mid-layer  are  Lindera  benzoin  and  Staphylea 
tri folia,  while  Hydrangea  arborescens  is  common  on  moist  rocky  ledges. 
Vines  commonly  found  are  Parthenoci ssus  quinquefol ia ,  Smilax  hispida, 

Vi tis  cenerea  and  Toxicodendron  radicans . 

The  rich  mesic  slopes,  particularly  those  protected  by  surround¬ 
ing  cliffs,  support  a  large  variety  of  herbaceous  plants.  These  are 
for  the  most  part  vernal  and  flower  before  the  trees  form  a  dense 
canopy.  For  a  brief  period  during  March  and  April,  these  ephemeral 
herbs  carpet  the  forest  floor  with  bright  colors.  Erigenia  bulbosa, 
Sangui naria  canadensis ,  Dentaria  laciniata ,  Cl aytonia  virginica. 

Trill ium  recurvatum,  and  Uvularia  grandi flora  are  found  throughout  the 
community  at  this  time.  Also  found  are  Erythronium  americanum.  Pi  - 
centra  cucularia ,  Trill ium  flexipes ,  Asa  rum  canadense,  Arisaema  tri - 
phyl 1  urn,  Isopyrum  biternatum,  and  many  other  early  flowering  species. 
Flowering  shortly  after  these  are  Geranium  maculatum,  Delphinium  tri¬ 
corne,  Polygonatum  commutatum.  Phlox  di varicata  ssp.  laphami i ,  Hydro - 
phyl 1  urn  virginianum,  Smi laci na  racemosa ,  Actaea  pachypoda ,  and  several 
species  of  Ranunculus  and  Viola.  Along  the  moist  bases  of  sandstone 
cliffs,  many  shallow  shelter  caves  occur.  Several  of  these  support 
large  localized  colonies  of  Dodecatheon  frenchii. 

The  approach  of  summer  is  marked  by  the  flowering  of  Spi gel ia 
mari landica ,  Valeriana  pauci flora ,  Ci rcaea  quadri sul cata ,  and  Hydro  - 
phyllum  appendiculatum.  During  the  summer,  fewer  herbaceous  plants 
can  be  found  in  flower.  Some  of  those  found  are  Silene  stellata,  Lys i - 
machia  lanceolata ,  Desmodium  gl utinosum,  and  j).  nudi fl orum.  Autumn 
is  characterized  by  the  flowering  of  Verbesina  al terni fol ia ,  Sol i dago 
caesia ,  Eupatorium  rugosum,  and  Epifagus  vi rgmiana ,  where  beech  trees 
are  common. 

Several  woodland  grasses  found  were  Leers i a  virginica,  Pani cum 
polyanthes ,  P_.  bosci i ,  Festuca  obtusa,  and  Bromus  pubescens.  Sedges 
which  were  occasionally  found  are  Carex  rosea,  (I.  shortiana ,  £.  blanda , 
IC.  bushi  i ,  and  C^.  flaccosperma . 

Along  with  the  abundant  flowering  herbs,  many  ferns  can  also  be 
found  on  the  mesic  slopes.  Commonly  occurring  are  Dryopteris  marginal  - 
i s ,  Polystichum  acrosti choi des ,  Adiantum  pedatum,  Cystopteri s  fragi 1 i s 
var.  protrusa ,  Thelypteri s  hexagonoptera ,  and  Botrychium  virginianum. 
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Numerous  bedrock  outcrops  and  large  blocks  of  sandstone  which  have 
fallen  from  the  cliff  face  lie  scattered  about  the  mesic  slopes.  These 
rocks,  which  are  well  shaded  and  fairly  moist  most  of  the  year,  support 
many  mosses,  liverworts,  and  herbaceous  plants.  Aquilegia  canadensis, 
Heuchera  parvi flora  var.  rugel i i ,  and  Arabi s  laevi gata  can  commonly  be 
found  growing  in  crevices  and  on  thin  soil  which  has  accumulated  on  the 
ledges.  Two  ferns  also  typical  of  this  habitat  are  Asplenium  rhizo- 
phyl 1  urn  and  Polypodium  vul gare  var.  vi rginianum. 

Along  some  of  the  cliffs,  large  joint  blocks  of  sandstone  have 
separated  from  the  main  cliff,  forming  deep  mesophytic  defiles.  One 
in  particular  is  very  striking.  Sheer  cliffs  approximately  60  feet  in 
height  form  the  walls  which  are  only  25  -  30  feet  apart.  The  soil  is 
sandy  and  supports  many  liverworts,  mosses,  and  ferns.  Twelve  species 
of  ferns  were  found  to  occur  within  this  small  area,  several  of  which 
were  found  at  this  station  only  within  the  study  area.  Dryopteris 
intermedia,  Athyrium  pycnocarpon ,  A.  thelypterioides ,  and  Onoclea  sen- 
si  bil  is  cover  the  floor  of  the  canyon,  while  Asplenium  trichomanes 
grows  on  the  moist  rock  walls. 

Immediately  adjacent  to  this  canyon,  a  rich  north-facing  ravine 
is  located.  This  is  the  only  location  within  the  study  area  for 
Di centra  canadensis,  but  the  outstanding  feature  of  the  ravine  is  the 
large  colony  of  Orchis  spectabilis.  Over  100  individuals  were  obser¬ 
ved  in  the  vegetative  state,  while  at  least  50  were  found  in  flower. 
This  large  colony  of  orchids  was  found  growing  in  close  association 
with  a  large  colony  of  Thelypteris  hexagonoptera . 

Other  notable  species  which  occur  only  as  isolated  individuals  or 
small  colonies  include  Hydrastis  canadensis,  Panax  quinquefol ia ,  Obo- 
laria  vi rginica ,  Sol idago  pa  tula ,  Bo t rye hi  urn  bi ternatum,  Orobanche 
uni  flora,  Carex  careyana ,  C^.  convol  uta ,  and  £.  al  bursi  na . 

DRY  SLOPES.  The  dry  slope  woods  community  consists  of  those  slopes 
that  are  unprotected  with  a  southerly  or  westerly  exposure.  The 
slopes  are  generally  steep  and  the  soils  are  relatively  thin  with  many 
rock  ledges  and  outcrops.  The  canopy  trees,  which  are  smaller  and  less 
diverse  than  those  occurring  on  the  mesic  slopes,  are  variously  spaced 
and  somewhat  sparse. 

The  dominant  canopy  trees  are  Quercus  velutina,  Q.  alba,  Carya 
tomentosa,  and  C.  glabra.  On  the  more  xeric,  upper  reaches  of  the 
slopes,  (Juercus~ste I  lata ,  Q_.  mari landica ,  and  Juni perus  vi rginiana 
become  prominent.  Common  sub-canopy  species  include  Ulmus  alata, 
Amelanchier  arborea ,  Cornus  florida ,  Quercus  muhlenbergi i ,  and  some 
saplings  of  the  canopy  trees.  Shrubs  commonly  encountered  are  Vacci - 
nium  arborium,  V_.  vaci  1  Ians ,  and  Rhus  aromatica.  Common  vines  are 
Smi lax  bona-nox,  S_.  glauca ,  Vitis  aesti val i s ,  Parthenoci ssus  quinque¬ 
fol  l a ,  and  Toxicodendron  radicans . 

A  well  developed  herbaceous  layer  is  noticeably  lacking  in  this 
community.  Those  taxa  present  are  scattered  and  rarely  form  dense 
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stands  .  Antennaria  plantaginifol ia  and  Ho us torn' a  pusil la  are  the  only 
plants  commonly  found  flowering  in  early  spring.  As  spring  progresses, 
Hypoxis  hi rsuta,  Tradescantia  vi rginiana ,  Phlox  bifida  and  Cynoglossum 
virginianum  can  be  found  in  flower.  Late  spring  and  summer  bring  the 
period  of  greatest  flowering.  Commonly  found  are  Qxalis  violacea, 
Heuchera  hirsuticaul is,  Monarda  bradburiana ,  M.  fistulosa ,  Potenti 11a 
simp! ex ,  Gerardia  flava,  and  Cunila  origanoides.  Also  found  are  Hyper¬ 
icum  hypericoides  var.  mul ticaule,  Ruel 1 ia  humi 1  is ,  and  Asclepias 
variegata . 

During  the  late  summer,  several  legumes  can  be  found  in  flower. 
These  include  Lespedeza  virginica,  L_.  procumbens ,  Psora! i a  psora! i- 
oides  var.  eglandul osa ,  Stylosanthes  bi flora ,  Desmodium  pan icu la turn, 

D_.  nuttal  1  i ,  and  D_.  riqidum.  Three  woodland  sunflowers,  Hel  ianthus 
di varicatus ,  HL  decapetal us ,  and  H^.  strumosus ,  are  also  occasionally 
found  during  the  late  summer  and  fall.  The  fall  aspect  is  further 
characterized  by  several  other  composites.  These  include  Aster  anoma- 
lus,  Al.  cordifol ius,  A.  oblongi fol ius ,  Sol idago  caesia ,  and  S^.  petio- 
laris . 


Several  grasses  and  sedges  are  found  to  occur  in  the  dry  slope 
woods.  Characteristic  grasses  are  Agrostis  perennans,  Panicum  lati fo¬ 
lium,  P_.  1  inearifol  ium,  P_.  bosci  i ,  Danthonia  spicata ,  Muhleribergia 
retroflexa ,  Carex  arti tecta  and  £.  glaucodea~. 

The  dry  rocky  slopes  support  only  a  few  species  of  ferns.  Woods i a 
obtusa  and  Asp! enium  platyneuron  can  be  found  on  the  more  exposed 
sites,  while  Dryopteris  marginal  is  and  Polystichum  acrostichoides  can 
be  found  on  the  shadier  sites.  Colonies  of  Polypodium  polypodioides 
occur  occasionally  on  exposed  rock  ldeges. 


BLUFFTOP  COMMUNITIES 

The  dry  blufftop  communities  are  a  characteristic  feature  of  the 
Shawnee  Hills.  On  Draper's  Bluff,  the  communities  represented  are  the 
xeric  sandstone  ledges,  xeric  scrub  woods,  and  dry  blufftop  woods. 

Soil  depth  is  a  major  factor  influencing  species  composition  in 
each  community.  The  soil  achieves  its  greatest  depth  on  the  summit  of 
the  blufftop  and  becomes  increasingly  shallow  as  it  approaches  the 
cliff  edges,  where  sandstone  bedrock  is  exposed.  From  the  exposed  rock 
ledges  which  are  almost  devoid  of  plant  life,  to  the  upland  Oak-Hickory 
forest,  each  stage  in  the  continuing  process  of  primary  succession  is 
represented. 

XERIC  LEDGES.  The  sandstone  escarpment  which  forms  the  face  of  Draper's 
Bluff  affords  both  westerly  and  southerly  exposures.  The  height  of  the 
cliffs  generally  exceeds  that  of  the  tallest  trees  rooted  in  the  slopes 
below.  On  the  edge  of  the  cliffs,  exposed  rock  occurs  in  discontinuous 
bands  ranging  from  several  inches  to  over  20  feet  in  width. 

On  the  extreme  edges,  lichens  are  the  only  taxa  to  colonize  the 
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bare  rock.  Further  back  from  the  edge,  mosses  intermix  with  lichens, 
contributing  to  soil  formation  and  providing  a  substrate  to  which  vas¬ 
cular  plants  may  adhere.  Horizontal  bedding  planes  form  relatively 
level  shelves  or  ledges  which  harbor  a  thin  layer  of  sandy  soil.  Other 
thin  soil  areas  occur  as  scattered  patches  in  depressions  and  as  the 
narrow  outer  margins  of  the  loess  cap. 

The  vernal  aspect  is  represented  chiefly  by  Nothoscordium  bivalve, 
Krigia  opposi ti folia,  Oxa  1  i s  violacea ,  Oenothera  1 inifol ia,  and  Housto- 
nia  pusilla.  As  spring  progresses  into  summer,  prominent  flowering 
plants  include  Stylosanthes  biflora,  Plantago  pusilla,  and  such  notable 
succulents  as  Sedum  pulchellum,  Talinum  parviflorum,  Pol ianthes  virgin- 
ica ,  and  Opuntia  compressa.  Grasses  include  Danthonia  spicata,  Agros- 
tis  perennans ,  Ari stida  dichotoma ,  and  Muhlenbergia  sobol i fera .  Chei - 
Ianthes  lanosa,  a  characteristic  fern  of  this  habitat,  thrives  in  the 
sandy  soil  and  partial  shade  provided  by  the  adjacent  scrub  woods. 

By  mid-summer,  flowering  activity  is  reduced  to  the  few  species 
which  can  withstand  the  intense  heat  and  dryness.  Flowering  at  this 
time  are  Hypericum  gentianoides ,  Ascyrum  hypericoides  var.  mul ticaule, 
Krigia  virginica,  and  Cro tonopsis  el  1 iptica .  Lechea  tenuifol ia  and 
Plantago  virginica  are  occasionally  encountered. 

In  several  places  along  the  bluff,  huge  blocks  of  sandstone  have 
broken  away  from  the  main  cliff.  These  blocks  often  provide  well- 
protected  crevices  and  recesses  which  harbor  small  colonies  of  Asple- 
nium  pinnatifidum  and  Polygonum  tenue . 

Vertical  cracks  in  the  bedrock  ledges  frequently  contain  deeper 
soil  capable  of  supporting  a  number  of  woody  taxa.  Occurring  here  are 
stunted  individuals  from  the  adjacent  scrub  woods,  such  as  Juniperus 
virginiana,  Quercus  stellata,  and  Q^.  marilandica,  as  well  as  shrubby 
forms  of  Prunus  serotina  and  Amelanchier  arborea . 

Along  the  outer  margins  of  the  loess  cap,  dense  stands  of  Vacci - 
nium  arboreum  generally  mark  the  transition  zone  from  the  xeric  ledge 
into  the  xeric  scrub  woods  community.  Vacci nium  vacillans  also  occurs 
along  this  zone,  but  to  a  lesser  extent. 

XERIC  SCRUB  WOODS.  As  the  xeric  ledges  grade  into  the  deeper  soil  of 
the  loess  cap,  a  xeric  scrub  woods  becomes  predominant.  This  community 
is  characterized  by  scrub  trees  and  a  somewhat  sparse  herbaceous  layer. 

Juniperus  virginiana  is  the  most  conspicuous  tree  dominating  the 
outer  margins  where  the  soil  is  thinnest.  Further  back,  Quercus  stel¬ 
lata,  Q_.  mari landica ,  Q_.  al ba ,  and  Carya  tomentosa  intermix  with  cedars 
to  form  the  canopy.  Important  mid-layer  trees  include  Ulmus  alata, 
Amelanchier  arborea,  and  saplings  of  Q^.  al  ba ,  Q_.  vel  utina ,  and  Carya 
spp.  The  shrub  layer  is  dominated  by  Rhus  aromatica,  with  Rubus  fla- 
gellaris  and  R_.  al legheniensis  occasionally  found.  Woods i a  obtusa  is  a 
fern  scattered  throughout  this  community. 

The  prevernal  aspect  of  the  xeric  scrub  woods  is  initiated  as  many 
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of  the  woody  species  begin  to  flower.  Antennaria  plantaqinifol ia  is 
the  only  herb  to  flower  at  this  early  date.  The  vernal  aspect  is  more 
varied,  with  the  flowering  of  Specularia  perfol iata,  Sisyrinchium  albi- 
dum,  Dodecatheon  meadia ,  Tradescantia  virginica,  and  Phlox  bifida .  As 
the  hot  days  of  summer  approach,  flowering  activity  is  greatly  reduced. 
Summer  taxa,  which  include  Helianthus  decapetalus,  Cuni la  origanoides , 
Aster  oblongifol ius  and  Solidago  petiolaris,  generally  persist  until 
the  end  of  the  growing  season.  Grasses  commonly  occurring  include 
Vul pia  octofl ora ,  Pan i cum  1 inearfol ium,  and  _P .  latifol ium. 

Jim's  Hill,  an  isolated  sandstone  bluff,  is  dominated  by  a  similar 
scrub  woods  community.  Species  unique  to  this  part  of  the  study  area 
include  Tephrosia  virginiana,  occurring  on  an  exposed  west-facing  ledge, 
and  Cl i toria  mariana ,  occurring  in  the  scrub  woods. 

DRY  BLUFFTOP  WOODS.  Continuing  upslope,  the  scrub  trees  decrease  in 
abundance  and  Quercus  alba ,  Q_.  velutina ,  Carya  tomentosa ,  and  C_.  oval  is 
become  increasingly  abundant.  Where  the  soil  reaches  its  maximum  depth, 
a  dry  Oak-Hickory  woods  community  predominates.  This  dry  open  woods 
cans  the  summit  of  the  bluff top  and  extends  to  the  narrow  moss  and 
lichen  covered  ledges  of  north  and  east  facing  cliffs.  Where  this 
community  meets  adjacent  old  fields,  Juniperus  virginiana,  and  Quercus 
imbricaria  are  frequently  encountered.  Cornus  florida,  Cercis  canaden¬ 
sis,  Ulmus  rubra,  and  saplings  of  Carya  spp.  comprise  the  understory. 
Woody  vines  include  Parthenocissus  guinguefolia,  Vitis  aestivalis, 
Dioscorea  quaternata,  Smi lax  bona-nox ,  and  Toxicodendron  radi cans . 

The  pre-vernal  aspect  is  stark,  with  the  only  flowering  plant 
being  Antennaria  plantaginifol ia .  The  vernal  aspect  is  more  productive 
with  the  flowering  of  Phlox  bifida,  Viola  triloba  var.  di latata ,  Tra¬ 
descantia  virginiana  ,  Podophyllum  peltatum,  and  Penstemon  pal  1 idus . 
Monarda  ETradburiana ,  Polytaenia  nuttallii,  and  the  sedges,  Carex  cepha- 
lophora  and  C.  retroflexa  also  appear  as  spring  progresses.  Summer  is 
the  most  productive  season  for  the  dry  bluff top  woods.  Plants  which 
flower  then  include  Galactia  volubilis,  Gal ium  pilosum,  Hel ianthus 
di vari catus ,  Monarda~fistu1osa,  Desmodium  pani culatum,  and  £.  rigidum. 
Taxa  which  flower  late  in  the  summer  and  generally  persist  into  fall 
include  Rue 1 1 i a  humilis,  Desmodium  nuttallii,  D.  mari landicum,  Lespede- 
za  virginica,  Aster  cordiToJ ius ,  A.  anomalus~,  and  Solidago  ulmifolia. 

Grasses  are  numerous  in  the  open  woods,  and  include  Sphenophol is 
obtusata ,  Festuca  pratensi s ,  Muhlenbergia  sobol ifera ,  and  Pani cum 
praecoci us .  Several  ferns  which  occur  occasionally  throughout  this 
community  are  Polystichum  acrostichoides ,  Asplenium  platyneuron,  and 
Dryopteri s  margi nal i s . 

At  the  summit  of  Draper's  Bluff  can  be  found  a  depression,  appro¬ 
ximately  50  feet  in  diameter,  which  retains  a  shallow  pool  of  water 
throughout  most  of  the  year.  Although  located  within  the  dry  woods 
community,  a  characteristic  wetland  flora  has  become  associated  with 
this  microhabitat.  Quercus  palustris  is  the  dominant  tree  along  the 
pond  margin  and  Gleditsia  triacanthos  occurs  frequently.  Although  not 
normally  associated  with  wetlands,  two  mature  individuals  of  Quercus 
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cocci nea  are  rooted  in  the  deep  leaf  litter  within  the  pond.  The  pre¬ 
dominant  shrub  is  Cephalanthus  occidentalis  and  woody  vines  include 
Camps  is  radicans ,  Loni cera  japoni ca,  and  Smi lax  bona-nox.  The  flora  of 
the  pond  margin  consists  of  Scirpus  georgianus,  Carex  sparganioides , 
Cinna  arundinacea,  Panicum  rigidulum,  and  scattered  individuals  of 
Erechtites  hieracifolia. 


DISTURBED  COMMUNITIES 

Various  stages  of  advanced  secondary  succession  occur  where  wooded 
land  was  formerly  cleared.  These  disturbed  communities  include  the  old 
fields  and  a  pipeline  cut.  A  substantial  portion  of  the  vegetation  is 
composed  of  adventive  and  pioneer  species  whose  associations  are,  for 
the  most  part,  transient.  The  intermingling  of  foreign  adventive  plants 
with  native  successional  plants  produces  a  rich  species  diversity. 

OLD  FIELDS.  Several  old  fields  are  located  on  Draper's  Bluff.  Their 
topography  is  generally  flat,  with  a  slight  incline  towards  the  summit 
of  the  ridgetop.  Abandoned  from  cultivation  at  least  40  years  ago,  an 
early  woody  or  pioneer  tree  stage  of  succession  predominates.  Of  all 
taxa  occurring  in  the  old  fields,  25%  were  found  to  be  non-native,  and 
of  the  native  species,  42%  are  commonly  associated  with  prairie  habi¬ 
tats  . 


Extensive  stands  of  Rhus  glabra  and  R.  copal  1 ina  are  conspicuous 
throughout  the  fields.  Other  prominent  pioneer  trees  include  Diospyros 
vi rgi niana ,  Sassafras  albidum,  and  Juni perus  vi rginiana .  Young  trees 
which  have  invaded  along  the  edges  include  Quercus  alba,  Q.  velutina, 
Prunus  seroti na ,  Carya  oval  is ,  and  Fraxinus  pennsyl vanica .  Shrubby 
trees  such  as  Crataegus  spp.  and  Prunus  ameri cana  prefer  the  moist  de¬ 
pressions  and  drainageways .  Rubus  flagel  laris,  R_.  occidental  is ,  Rosa 
mul ti flora ,  and  R_.  setigera  are  common  shrubs,  often  forming  thickets 
near  traTTs . 

The  spring  aspect  is  late  in  arriving  in  the  old  fields.  The  herb¬ 
aceous  layer  remains  sparse  and  unimpressive  well  into  May.  The  first 
herbs  to  flower  are  Viola  rafinesquii,  Veronica  arvensis,  Cardamine 
hirsuta  and  Houstonia  pus  ilia.  More  conspicuous  at  this  time,  however, 
are  the  numerous  and  showy  flowers  of  Prunus  ameri  cana,  £_.  munsoniana, 
and  Crataegus  spp. 

As  spring  progresses  into  summer,  the  number  and  diversity  of 
flowering  herbs  increases  rapidly.  Common  taxa  include  Daucus  carota, 
Achillea  millefolium.  Chrysanthemum  leucanthemum,  Euphorbia  corol lata, 
and  Pudbeckia  hirta.  Trails  and  old  roads  harbor  a  number  of  species 
which  wouTd- otherwise  not  persist  in  such  an  advanced  successional 
community.  Occurring  here  are  Prunella  vulgaris,  Dianthus  armeria, 
Blephi 1 ia  ci 1 iata,  and  Juncus  i nterior .  Glyceria  striata  and  the 
sedges,  Carex  scoparia  and  jC.  vul  pi  no  idea ,  prefer  the  moist  ground  along 
trails  and  in  ditches. 

Summer  is  by  far  the  most  productive  season  in  the  fields.  Grasses 
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form  an  almost  continuous  ground  cover  over  much  of  the  area,  creating 
a  physiognomy  reminiscent  of  tall  grass  prairies.  The  largest  field 
on  the  bluff  is  dominated  by  Sorghastrum  nutans .  Schizachyrium  scopa- 
rium,  and  Andropogon  gerardii  are  also  numerous  and  widespread.  Smaller 
fields  on  the  bluff  are  dominated  by  Andropogon  virginicus  and  Schiza¬ 
chyrium  scoparium.  Other  common  grasses  are  Tridens  flavus ,  Agrostis 
hyemal i s ,  and  Poa  annua  . 

Summer  flowering  herbs  include  Asclepias  syriaca,  A.  tuberosa , 
Pycnanthemum  tenui fol ium,  Crotolaria  sagittal  is ,  and  Oenothera  biennis. 
Abundant  on  trails  are  Gerardia  tenui folia,  Ruellia  humilis.  Cassia 
fasciculata,  and  Stylosanthes  bi flora.  Last  to  flower  are  Lespedeza 
stipulacea ,  L_.  virginica,  Bidens  aristosa,  Sol i dago  canadensis , 

S.  gramini folia,  S_.  nemoral is ,  Aster  pilosus,  and  A.  simplex,  which 
persist  into  the  autumn  months. 

Unusual  taxa  occurring  in  the  old  fields  are  Spiranthes  vernal  is, 
Gerardia  fasciculata,  Lespedeza  hi rta ,  Carex  gravida,  P run  us  vi rgin- 
iana,  Rubus  occidental  is ,  Aster  dumosus ,  Pycnanthemum  pilosum,  and  Poa 
angusti fol ia . 

PIPELINE  CUT.  In  1947,  a  50  foot  wide  cut  through  the  forest  was  com¬ 
pleted  for  the  purpose  of  installing  two  sections  of  oil  and  gas  pipe¬ 
lines.  The  cut  enters  the  study  area  just  south  of  Jim's  Hill  and  ex¬ 
tends  west  to  Lick  Creek.  The  topography  it  follows  is  undulating, 
with  steep  east  and  west  facting  slopes  forming  moist  troughs  at  their 
bases  and  drier  grounds  at  their  summits. 

In  the  30  years  following  the  disturbance,  a  secondary  successional 
community  composed  of  both  native  woodland  and  adventive  wasteground 
species  has  developed.  Prominent  trees  along  the  cut  include  such  pio¬ 
neer  species  as  Diospyros  virginiana.  Sassafras  albidum,  Rhus  glabra, 
and  R.  copal  1 ina .  Gledi tsia  triacanthos ,  Populus  del  to i des ,  and  Plata- 
nus  occidental  is  occur  in  low-lying  areas.  Woodland  species  encroaching 
along  the  margins  of  the  cut  include  Acer  saccharum,  Quercus  rubra, 

Li riodendron  tul ipifera,  Cary a  cordi formi s ,  and  Fraxinus  americana . 

Prominent  shrubs  are  Rosa  Carolina,  R_.  multi  flora,  Rubus  flagella- 
ris ,  and  R.  allegheniensis .  Hydrangea  arborescens  occurs  where  streams 
dissect  tFe  cut,  and  Sambucus  canadensis  is  abundant  near  Lick  Creek. 

This  open  habitat  is  favored  by  numerous  grasses;  these  include 
Phleum  pra tense ,  Andropogon  vi rgini cus ,  Chasmanthi urn  latifolium,  Setaria 
1 utescens ,  Festuca  pra ten si s ,  and  Bromus  commutatus . 

The  moist  ground  near  Lick  Creek  supports  a  rich  herbaceous  flora, 
including  Senecio  glabellus,  Eupatorium  rugosum,  E.  coelestinum,  Aster 
ontarionis,  Valerianella  radiata,  and  Stachys  tenui  fol  l'a .  Cyperus 
gosus,  Carex  shortiana,  and  C.  Turida  also  favor  this  wet  habitat. 


On  higher  ground,  wasteground  species  such  as  Eri geron  annuus ,  Am¬ 
brosia  artemesi i fol ia ,  Polygonum  convol vul us  ,  Rumex  crispus ,  Verbascum 
thapsus ,  and  Gerani urn  carol inianum  occur  in  close  association  with 
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native  woodland  species  such  as  Gillenia  stipulata,  Cacalia  atrip! ici- 
fol ia,  Gnaphal i um  obtusi fol i um,  Polygonum  virginianum,  Geranium  ma- 
culatum  and  Hydrastis  canadensi s . 


TAXONOMIC  SUMMARY 

A  total  of  91  families,  282  genera,  507  species,  and  34  varieties 
are  listed.  Pteridophyta  is  represented  by  2  families,  12  genera,  and 
20  species;  Gymnospermeae  is  represented  by  1  family,  1  genera,  and 
1  species;  Monocotyledoneae  is  represented  by  12  families,  58  genera, 
and  118  species;  and  Di cotyledoneae  is  represented  by  76  families,  211 
genera,  and  368  species. 

The  list  further  reveals  the  largest  family  to  be  Compositae  with 
a  total  of  68  species,  followed  by  Poaceae  with  51  species,  Leguminosae 
with  32  species,  and  Cyperaceae  with  27  species. 

41  taxa  (about  8%)  are  considered  to  be  introduced  or  naturalized. 


ANNOTATED  CHECKLIST  OF  VASCULAR  PLANTS 

The  following  species  have  thus  far  been  identified  from  the 
Draper's  Bluff  study  area.  The  order  of  listing  follows  that  of 
Mohlnebrock  (1975).  Habitat  and  relative  abundance  within  the  habitat 
are  noted  for  each  taxon.  Relative  abundance  is  listed  as  being 
common,  occasional,  uncommon,  or  rare.  The  number  refers  to  the  re¬ 
presentative  voucher  specimen  on  file  in  the  herbarium  at  Southern 
Illinois  University  in  Carbondale.  Where  other  botanists'  collections 
are  cited,  the  collector's  name  and  specimen  number  are  included. 

A  total  of  34  county  records  were  recorded  for  the  study  area. 
Unpublished  county  records  are  denoted  by  a  single  asterisk  (*)  if  re¬ 
ported  for  Union  County,  and  a  double  asterisk  (**)  if  reported  for 
Johnson  County.  The  source  used  to  determine  current  species  distri¬ 
butions  within  the  state  of  Illinois  was  Mohlenbrock  and  Ladd  (1978). 


PTERIDOPHYTA 


0PHI0GL0SSACEAE 

*Botrychium  biternatum  (Sav.) 
Underw.  Dry  open  woods;  rare;  460. 

Botrychium  dissectum  Spreng.  var. 
obi iquum  (Muhl . )  Cl ute .  Open 
woods;  common;  108. 

Botrychium  virginianum  (L.)  Sw. 

Rich  woods;  common;  193. 


P0LYP0DIACEAE 

Adiantum  pedatum  (Tourn.)  L.  Rich 
mesic  woods;  common;  258. 

Aspleni um  pinnatifidum  Nutt. 
Crevices  of  sandstone  cliffs;  un¬ 
common;  237. 

Asplenium  platyneuron  (L.)  Oakes. 
Dry  woods;  common;  237. 
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Asplenium  rhizophyllum  L.  On 
sandstone  rocks  in  moist  woods; 
occasional;  126. 

Asplenium  trichomanes  L.  On 
moist  sandstone  boulders  in 
mesic  canyon;  rare;  423. 

Athyrium  pycnocarpon  (Spreng.) 
Tidestr.  Moist  sandy  soil  in 
mesic  canyon;  uncommon;  432. 

Athyrium  thelypteroides  (Michx.) 
Desv.  Moist  sandy  soil  in  mesic 
canyon;  uncommon;  431. 

Cheilanthes  lanosa  (Michx.) 

D.C.  Eat.  Dry  bluffs; 
occasional;  260. 

Cystopteris  fragi 1  is  ( L . )  Be rn h . 
var.  protrusa  Weath.  Moist 
woods;  common;  434. 

Dryopteri s  marginal  is  (L.)  Gray. 
Woods;  common;  102. 

Dryopteri s  intermedia  (Muhl . ) 
Gray.  Moist  sandy  soil  in 
mesic  canyon;  uncommon;  433. 


Onoclea  sensibilis  L.  Rich  mesic 
woods;  uncommon;  419. 

Polypodium  polypodioides  (L . ) 

Watt.  var.  michauxianum  Weath.  On 
sandstone  rocks  in  dry  woods; 
uncommon;  107. 

Polypodium  vul gare  L .  var.  vi r- 
ginianumTL-)  Eat.  On  shaded 
sandstone  rocks;  occasional;  101. 

Polys ti chum  acrostichoides 
(Michx. )  Schott.  Woods;  common; 
631  . 

Pteridium  aguilinum  (L.)  Kuhn, 
var.  latfusculum  (Desv.)  Underw. 
Base  of  bluff;  Wilson  1434  (SIU). 

Thelypteris  hexagonoptera  (Michx.) 
Weath .  Rich  mesic  woods;  occa¬ 
sional;  249. 

Woodsia  obtusa  (Spreng.)  Torr. 
Blufftops  and  upland  woods; 
occasional;  262. 


GYMNOSPERMAE 


PINACEAE 

Pinus  echinata  Mill.  Old 
field;  escaped  from  pine  plan¬ 
tation;  605. 


CUPRESSACEAE 

Juniperus  virginiana  L.  Bluff- 
tops  and  old  fields;  common;  210. 


ANGI0SPERMAE 


TYPHACEAE 

Typha  1  a  ti folia  L.  Marshy 
area  along  Lick  Creek.  Occa¬ 
sional;  569. 

ALISMACEAE 

A1 i sma  subcordatum  Raf .  Low 
wet  ground;  occasional;  586. 


P0ACEAE 

Agrosti s  al ba  L.  Open  woods; 
common ;  421 . 

Agrostis  hyemalis  (Walt.)  BSP. 

Old  field;  common;  522. 

Agrostis  perennans  (Walt.) 

Tuckerm.  Bluff  ledge;  occasional; 
603. 
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Aleopecurus  carol inianus  Walt. 
Moist  soil  on  bluff;  occasional; 
521 . 

Andropogon  gerardi i  V i tman .  01 d 

field;  common;  650. 

Andropogon  virginicus  L.  Old 
field;  common;  651. 

Aristida  dichotoma  Michx.  Rock 
outcrop;  occasional;  610. 

Arundinaria  gigantea  (Walt.) 
Chapm.  Along  creek;  common;  565. 

Bromus  commutatus  Schrad.  Marshy 
area;  common;  564. 

Bromus  pubescens  Muhl .  Mesi c 
woods;  common;  566. 

Bromus  racemosus  (L.)  Chess. 
Disturbed  area;  occasional;  567. 

Chasmanthium  1  a ti folium  (Michx.) 
Yates.  Moist  open  woods;  common; 
296. 

Cinna  arundinacea  L.  Pond 
margin;  uncommon;  322. 

Dactyl  is  glome rata  L.  Old 
field;  common;  non-native;  299. 

Danthonia  spicata  (L.)  Beauv. 
Bluff top  woods;  common;  218. 

Digitaria  sanguinalis  (L.)  Scop. 
Fields;  common;  641. 

Echinochloa  pungens  (Poir.)  Rydb. 
Moist  soil;  occasional;  384. 

Elymus  canadensis  L.  Disturbed 
area;  common;  292. 

Elymus  hystrix  L .  Woods ; 
common;  398. 

Elymus  virginicus  L.  Woods; 
common;  316. 


Eragrostis  capil laris  (L.)  Nees. 
Dry  rocky  woods;  occasional;  361. 

Festuca  obtusa  Bieler.  Moist 
woods;  occasional;  185. 

*Festuca  ovina  L.  var.  duriuscula 
(L.)  Koch.  Along  creek;  uncommon; 
562. 

Festuca  pratensis  Huds.  Bluff- 
top  woods;  common;  346. 

Glyceria  striata  (Lam.)  Hitchc. 

Old  field;  common;  291. 

Leersia  virginica  Willd.  Mesic 
woods;  common;  602. 

Muhlenbergia  sobol ifera  (Muhl . ) 
Trin.  Bluff top  woods;  common; 

349. 

Pani cum  anceps  Michx.  Disturbed 
area;  common;  356. 

Pani cum  boscii  Poir.  Woods; 
common;  224”. 

Panicum  lanuginosum  Ell.  Bluff 
ledge;  common;  283. 

Panicum  lanuginosum  Ell,  var. 
imp! ica turn  (ScribnT)  Fern.  Shad¬ 
ed  depression  on  bluff  ledge; 
occasional;  341. 

Panicum  1  at i folium  L.  Dry  rocky 
woods;  common;  541. 

Panicum  linearfolium  Scribn.  Dry 
blufftop  woods;  occasional;  481. 

Panicum  microcarpon  Muh.  Woods; 
occasional ;  223. 

Panicum  polyanthes  Schult.  Moist 
woods;  occasional;  266. 

*Panicum  praecocius  Hitchc.  and 
Chase .  Sandy  soil  on  bluff; 
uncommon;  372. 
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CYPERACEAE 


Panicum  rigidulum  Bose.  Pond 
margin;  common;  596. 

**Panicum  vil losissimum  Nash. 
Blufftop  woods;  occasional;  225. 

Paspal urn  ci 1 iati fol ium  Mi chx . 
Rock  outcrop;  common;  303. 

Paspalum  laeve  Michx.  Dis¬ 
turbed  area;  common;  651. 

Phleum  pratense  L.  Disturbed 
area;  common;  286. 

**Poa  angusti folia  L.  Old 
field;  rare;  534. 

Poa  annua  L.  Old  field; 
common;  495. 

Poa  pratensis  L.  Trail  in 
woods;  occasional;  517. 

Poa  sylvestris  Gray.  Flood- 
plain  woods;  uncommon;  531. 

Schizachyrium  scoparium  (Michx.) 
Nash.  Old  field;  common;  360. 

Setaria  lutescens  (Weigel.) 

Hubb.  Disturbed  area;  common; 
387. 

Sorghastum  nutans  (L.)  Nash. 

Old  field;  common;  385. 

Sphenopholis  obtusata  (Michx.) 
Scrib.  Blufftop  woods;  occa¬ 
sional  ;  535. 

Sphenopholis  obtusata  (Michx.) 
Scrib.  var.  major  (Torr.) 

Erdman.  Old  field;  occasional; 
472. 

Tridens  flavus  (L.)  Hitchc. 

Old  field;  common;  591. 

Vulpia  octoflora  (Walt.)  Rydb. 
var.  tenella  Willd.  Blufftop; 
common;  493. 


**Carex  albursina  Sheldon.  Woods; 
uncommon;  468. 

Carex  arti tecta  Mack.  Dry  woods; 
common;  469. 

Carex  blanda  Dewey.  Mesic  woods; 
occasional;  489. 

*Carex  bushii  Mack.  Woods;  occa¬ 
sional  ;  21 1 . 

**Carex  careyana  Torr.  Mesic 
woods;  rare;  508. 

Carex  cephalophora  Muhl .  Dry 
blufftop  woods;  common;  510. 

**Carex  comosa  Boott.  wet  ground; 
rare;  567. 

Carex  convoluta  Mack.  Wooded 
slopes;  uncommon;  281, 

Carex  flaccosperma  Dewey.  Woods; 
occasional;  511. 

Carex  glaucodea  Tuckerm.  Old 
field;  occasional;  525. 

*Carex  gravida  Bailey.  Old  field; 
rare ;  551 . 

Carex  hirsutella  Mack.  Old  field; 
common;  277. 

**Carex  lurida  Wahlenb.  Flood- 
plain  woods;  occasional;  526. 

Carex  retroflexa  Muhl .  Dry  woods; 
occasional;  276. 

Carex  rosea  Schk.  Rich  mesic 
woods;  occasional;  552. 

*Carex  scoparia  Schk.  Old  field; 
uncommon ; 

Carex  shortiana  Dewey.  Lowland 
woods ;  uncommon;  527. 
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**Carex  sparganioides  Muhl.  Pond 
margin;  rare;  485. 

**Carex  texensis  (Torr.)  Bailey. 

Low  moist  woods;  uncommon;  484. 

Carex  tribuloides  Wahlenb. 

Wet  ground;  occasional ;  568. 

Carex  vul pi  noidea  Michx.  Old 
field;  common;  320. 

Cyperus  ovularis  (Michx.)  Torr. 
Sandy  soil  on  bluff;  common;  298. 

Cyperus  strigosus  L.  Disturbed 
area;  common;  447. 

Eleocharis  obtusa  (Wi lid.) 

Schul t .  Wet  ground;  common;  570. 

Scirpus  atro virens  Will.  Wet 
ground;  common;  580. 

Scirpus  cyperinus  (L.)  Kunth. 

Wet  ground;  common;  287. 

Scirpus  georgianus  Harper.  Pond 
margin;  occasional;  238. 

ARACEAE 

Arisaema  dracontium  (L.)  Schott. 
Rich  woods;  common;  523. 

Arisaema  triphyllum  (L.)  Schott. 
Woods;  common;  105. 

COMMELINACEAE 

Commel ina  communis  L .  Moist 
woods;  occasional;  non-native;  353. 

Tradescantia  ohiensis  Raf.  Dis¬ 
turbed  area;  occasional;  593. 

Tradescantia  virginiana  L.  Open 
woods;  common;  169. 


JUNCACEAE 

Juncus  acuminatus  Michx.  Wet 
ground;  occasional;  172. 

Juncus  biflorus  Ell.  Wet  ground; 
occasional ;  271 . 

Juncus  dudleyi  Wieg.  Moist 
ground;  occasional;  270. 

Juncus  effusus  L.  var.  sol utus 
Fern,  and  Wieg.  Wet  ground;  com¬ 
mon;  575. 

Juncus  interior  Wieg.  01  f  field; 
common ;  365. 

Juncus  tenuis  Willd.  Disturbed 
area;  common;  407. 

Luzula  multiflora  (Retz.)  Lejeune. 
Rocky  woods;  common;  144. 

Luzula  multi  flora  (Retz.)  Lejeune 
var.  echinata  (Small)  Muhl .  Old 
field;  occasional;  483. 

LILIACEAE 

Allium  canadense  L.  Oldfield; 
common;  550. 

Erythroni urn  albi dum  Nutt.  Flood- 
plain  woods;  uncommon;  637. 

Erythroni urn  americanum  Ker.  Mesic 
woods;  common;  128. 

Hemerocallis  fulva  L.  Streambank; 
non-native;  uncommon;  574. 

Hypoxis  hirsuta  (L.)  Coville.  Dry 
rocky  woods;  occasional;  503. 

Narcissus  pseudo-narcissus  L.  Old 
homesite;  uncommon;  458. 

Nothoscordum  bivalve  (L.)  Britt. 
Bluff;  common;  133. 

Polianthes  vlrginica  (L.)  Shinners. 
Bluff;  occasional;  632. 
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Polygonatum  commutatum  (Schultz.) 

A.  Dietr.  Moist  woods;  occasional; 
470. 

Smilacina  racemosa  (L.)  Desf.  Rich 
woods;  common;  111. 

Trillium  flexipes  Raf.  Rich  mesic 
woods;  occasional;  139. 

Trillium  recurvatum  Beck.  Rich 
woods;  common;  116. 

Uvularia  grandiflora  Sm.  Rich 
woods;  common;  130. 

SMILACACEAE 

Smil ax  bona-nox  L.  Dry  woods; 
common;  544. 

Smilax  glauca  Walt.  Olf  field; 
common;  543. 

Smilax  hispida  Muhl .  Flood- 
plain  woods;  common;  542. 

DIOSCORACEAE 

Dioscorea  quaternata  (Walt.) 

J.  F.  Gmel .  Woods;  occasional;  554. 

Dioscorea  villosa  L.  Trail  in 
woods;  common;  528. 

IRIDACEAE 

Si syrinchi urn  albidum  Raf.  Dry 
woods;  occasional;  176. 

Si syrinchi urn  angusti fol i urn  Mill. 
Moist  woods;  occasional;  187. 

ORCHIDACEAE 

Aplectrum  hyemale  (Muhl.)  Torr. 

Mesic  woods;  uncommon;  618. 

Coral lorhiza  wisteriana  Conrad. 

Rich  woods;  occasional;  145. 

Or chi s  spectabi 1 i s  L .  Ri ch  mesi c 
woods;  locally  abundant;  498. 


Spiranthes  cernua  (L.)  Rich.  Old 
field  and  edge  of  woods;  occasion¬ 
al;  454. 

*Spiranthes  vernal  is  Engelm.  & 

Gray.  Old  field;  rare;  588. 

SAURURACEAE 

Saururus  cernuus  L.  Wet  ground; 
uncommon;  571. 

SALICACEAE 

Populus  deltoides  Marsh.  Flood- 
plain  woods;  occasional;  533. 

Salix  interior  Rowlee.  Stream- 
bank;  occasional;  620. 

Salix  nigra  Marsh.  Streambank; 
occasional ;  539. 

JUGLANDACEAE 

Carya  cordiformis  (Wang.)  K.Koch. 
Mesic  woods;  common;  607. 

Carya  glabra  (Mill.)  Sweet. 

Woods;  common;  587. 

Carya  oval  is  (Wang.)  Sarg.  Woods; 
common;  253. 

Carya  ovata  (Mill.)  K.  Koch.  Rich 
woods;  occasional;  644. 

Carya  texana  Buckl .  Dry  woods; 
uncommon;  418. 

Carya  tomentosa  (Poir.)  Nutt.  Dry 
blufftop  woods;  occasional;  609. 

Juglans  nigra  L.  Rich  rocky  woods; 
occasional ;  514. 

BETULACEAE 

Carpinus  carol  ini  ana  Walt.  Mesic 
woods;  common;  645. 

Corylus  americana  Walt.  Woods; 
common;  454. 
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Ostrya  virginiana  (Mill.)  K. 

Koch .  Woods;  common;  179. 

FAGACEAE 

Fagus  grandi flora  Ehrh.  Low 
rich  woods;  occasional;  638. 

Quercus  alba  L.  Upland  woods; 
common;  553. 

Quercus  coccinea  Muenchh.  Up¬ 
land  woods;  uncommon;  597. 

Quercus  imbricaria  Michx.  Dry 
woods;  common;  509. 

Quercus  macrocarpa  Michx.  Low 
ground;  occasional;  579. 

Quercus  marilandica  Muenchh. 

Dry  rocky  woods;  common;  259. 

Quercus  muhlenbergi i  Engelm. 
Woods;  common;  259. 

Quercus  palustris  Muenchh.  Low 
woods;  occasional;  628. 

Quercus  rubra  L.  Upland  woods; 
common;  473. 

Quercus  shumardi i  Buckley. 

Moist  woods;  occasional;  443. 

Quercus  stellata  Wang.  Dry 
woods;  common;  308. 

Quercus  vel utina  Lam.  Upland 
woods;  common;  506. 

ULMACEAE 

Cel t i s  occidental  is  L.  Low 
woods;  occasional;  490. 

Celtis  occidental  is  L.  var. 
pumila  (Pursh)  Gray.  Flood- 
plain  woods;  occasional;  261. 

Ulmus  alata  Michx.  Rocky  woods; 
common;  241. 


Ulmus  americana  L.  Woods;  common; 
621 . 

Ulmus  rubra  Muhl .  Upland  woods; 
common;  524. 

MORACEAE 

Morus  alba  L.  Woods;  occasional; 
non-native;  371. 

Morus  rubra  L.  Woods;  common; 

258 T 

URTICACEAE 

Boehmeria  cylindrica  (L.)  Sw.  Low 
woods;  common;  614. 

Pilea  opaca  (Lunel 1 )  Rydb.  Flood- 
plain  woods;  uncommon;  368. 

Pilea  pumila  (L.)  Gray.  Flood- 
plain  woods;  common;  412. 

ARISTOLOCHIACEAE 

Asarum  canadense  L.  var.  reflexum 
(Bickn.)  Robins.  Mesic  woods; 
common;  648. 

P0LYG0NACEAE 

Polygonum  convolvulus  L.  Disturb¬ 
ed  area;  common;  non-native;  396. 

*Po1ygonum  pennsyl vanicum  L.  Dis¬ 
turbed  area;  occasional;  332. 

Polygonum  pennsyl vani cum  L .  va r . 
laevigatum  Fern.  Wet  ground; 
common;  354. 

Polygonum  punctatum  El  1 .  Wet 
ground;  common;  280. 

Polygonum  tenue  Michx.  Sandy  soil 
on  bluff;  occasional;  358. 

Polygonum  virginianum  L.  Disturb¬ 
ed  area;  common;  357. 
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Rumex  acetosella  L.  Wet 
ground;  comnon;  non-native;  186. 

Rumex  crispus  L.  Disturbed 
area;  common;  non-native;  529. 

CHENOPODIACEAE 

Chenopodium  album  L.  Disturbed 
area;  common;  643. 

PHYTOLACCACEAE 

Phytolacca  americana  L.  Dis¬ 
turbed  area;  common; 

PORTULACACEAE 

Cl  ay ton i a  virginica  L.  Woods; 
common ;  119. 

Tal 1 inum  parvi florum  Nutt. 

Bluff  ledge;  uncommon;  269. 

CARYOPHYLLACEAE 

Cerasti urn  vul gatum  L .  Di  s  - 
turbed  area;  common;  non-native; 
160. 

Di an thus  armeria  L.  Old  field; 
common;  non-native;  219. 

Silene  stellata  L.  Woods; 
occasional;  344. 

*Stellaria  graminea  L.  Dis¬ 
turbed  area;  occasional;  non¬ 
native;  494. 

Stellaria  media  (L.)  Cyril lo. 
Disturbed  woods;  common;  non¬ 
native;  619. 

RANUNCULACEAE 

Actaea  pachypoda  L.  Rich  woods; 
common;  147. 

Anemone  vi rginiana  L.  Dry  open 
woods;  common;  294. 


Aquilegia  canadensis  L.  On  rocks 
and  outcrops  in  woods;  occasion¬ 
al;  257. 

Delphinium  tricorne  Michx.  Moist 
woods;  occasional;  134. 

Hydrastis  canadensis  L .  Ri ch 
woods;  uncommon;  520. 

Isopyrum  biternatum  (Raf.)  Torr. 

&  Gray.  Rich  woods;  common;  122. 

Ranunculus  abortivus  L.  Moist 
woods;  common;  143. 

Ranuncul us  fasci cul ari s  Muhl . 

Moist  open  woods;  occasional;  464. 

Ranunculus  hispidus  Michx.  Rich 
woods;  common;  112. 

Ranunculus  recurvatus  Poir.  Moist 
woods;  common;  165. 

Ranuncul us  septentrional  is  Poir. 
Moist  woods;  common;  478. 

Ranuncul us  septentrional  is  Poir. 
var.  caricetorum  (Greene)  Fern. 

Low  woods;  uncommon;  627. 

BERBERIDACEAE 

Caulophyl 1  urn  thal ictroides  (L . ) 
Michx.  Rich  woods;  occasional; 
129. 

Podophyl 1  urn  peltatum  L .  Open 
woods;  common;  208. 

MENISPERMACEAE 

Menispermum  canadense  L.  Mesic 
woods;  occasional;  634. 

MAGNOLIACEAE 

Li riodendron  tul i pi fera  L .  Ri  ch 
slope  woods;  common;  515. 
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ANNONACEAE 

Asimina  triloba  (L.)  Dunal .  Rich 
mesic  woods;  common;  647. 

LAURACEAE 

Lindera  benzoin  (L.)  Blume,  Rich 
mesic  woods;  common;  370. 

Sassafras  albidum  (Nutt.)  Nees. 

Old  field;  common;  131. 

PAPAVERACEAE 

Corydalis  flavula  (Raf.)  DC. 

Moist  woods;  common;  120. 

Pi  centra  canadensis  (Goldie)  Walp. 
Rich  mesic  woods;  uncommon;  457. 

Dicentra  cucullaria  (L.)  Bernh. 
Rich  woods;  common;  110. 

Sanguinaria  canadensis  L.  Rich 
moist  woods;  common;  114. 

Stylophorum  diphyllum  (Michx.) 
Nutt.  Rich  woods;  uncommon ;  138. 

CRUCIFERAE 

Arabidopsis  thaliana  (L.)  Heynh. 
Slufftop;  occasional;  non-native; 
461 . 

Arab  is  laevi gata  (Muhl.)  Poir. 

On  boulders  in  woods;  common;  146. 

Barba rea  vulgaris  R.  Br.  var. 
arcuata  (Opiz)  Fries.  Disturbed 
area;  common;  non-native;  162. 

Cardamine  hirsuta  L.  Moist  woods; 
occasional;  non-native;  103. 

Cardamine  parviflora  L.  var. 
arenicoir  (Britt.)  O.E.  Schultz. 
Woods;  occasional;  163. 

Dentaria  laciniata  Muhl.  Woods; 
common;  109. 


Draba  brachycarpa  Nutt.  Moist 
rocky  ledges;  common;  639. 

Draba  verna  L.  Old  fields; 
common;  non-native;  462. 

Lepidium  virginicum  L.  Old  field; 
common;  232. 

Rorippa  islandica  (Oeder)  Borbas 
var.  fernal diana  Butt.  &  Abbe. 

Wet  ground;  common;  582. 

Rorippa  sessi 1 i flora  (Nutt.) 
Hitcnc.  Wet  ground;  occasional; 
583. 

CRASSULACEAE 

Sedum  pulchellum  Michx.  Bluff; 
common;  229. 

SAXIFRAGACEAE 

Heuchera  hirsuticaul is  (Wheelck.) 
Rydb.  Dry  woods;  common;  155. 

Heuchera  parviflora  Bartl .  var. 
rugel i i  (Shuttlw.)  Rosend.,  Butt, 
and  Lak.  Moist  ledges;  common; 
251. 

Hydrangea  arborescens  L .  Moist 
rocky  woods;  common;  233. 

HAMAMELIDACEAE 

Liguidambar  styraciflua  L.  Flood- 
plain  woods;  common;  537. 

PLATANACEAE 

Platanus  occidentalis  L.  Flood- 
plain  woods;  common;  613. 

ROSACEAE 

Agrimonia  parviflora  Ait.  Stream- 
bank;  occasional ;  359 . 

Agrimonia  rostel lata  Wal 1 r .  Low 
woods;  common;  293. 
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Amelanchier  arborea  (Michx.f.) 
Fernald.  Bluff  edges  and  dry 
woods;  common;  106. 

Crataegus  engelmanii  Sarg.  Old 
field;  occasional;  500. 

Crataegus  pruinosa  (Wendl.)  K. 
Koch.  Old  field;  occasional;  501. 

Geum  canadense  Jacg.  Woods; 
conmon;  252. 

Geum  vernum  (Raf.)  Torr.  & 

Gray.  Low  woods;  common;  149. 

Gillenia  stipulata  (Muhl.) 

Baill.  Woods;  uncommon;  557. 

Mai  us  pumila  Mill .  Near  aban¬ 
doned  building;  rare;  non-native; 
453. 

Potentilla  recta  L.  Old  field; 
occasional;  630. 

Potentilla  simplex  Mi chx.  01  d 
field;  common;  150. 

Prunus  americana  Marsh.  Old 
field;  occasional;  474. 

*Prunus  munsoniana  Wight  & 

Hedri ck.  Old  field;  occasional; 
475. 

Prunus  serotina  Ehrh .  B1 uffs ; 
common;  476. 

**Prunus  virginiana  L.  Old 
field;  rare ;  302 . 

Rosa  Carolina  L.  Old  field; 
common ;  199. 

Rosa  multiflora  Thunb.  Old 
field;  common;  non-native;  189. 

Rosa  setigera  Mi chx.  Old  field; 
occasional;  623. 

Rubus  al legheniensi s  Potter.  Dis¬ 
turbed  area;  common;  222. 


Rubus  flagel laris  Willd.  Dry 
blufftop  woods;  occasional;  190. 

Rubus  occi dental  is  L.  Edge  of 
woods  and  field;  common;  497. 

Rubus  occi dual  is  Bailey.  Edge  of 
woods  on  bluff;  rare;  491. 

Rubus  pennsyl vanicus  Poir.  Old 
field;  occasional;  561. 

LEGUMINOSAE 

Amphicarpa  bracteata  (L.)  Fern. 
Edge  of  old  field;  occasional;  378 

Cassia  fasciculata  Mi chx.  Old 
field;  common;  321. 

Cercis  canadensis  L.  Woods; 
common;  127. 

Cl i tori  a  mariana  L.  Dry  woods; 
uncommon;  323. 

Crotolaria  sagittal  is  L.  Old 
field;  common;  350. 

Desmodium  glutinosum  (Muhl.)  Wood. 
Rich  woods;  occasional;  328. 

Desmodium  laevigatum  (Nutt.)  DC. 
Dry  woods;  uncommon;  300. 

Desmodium  marilandicum  (L.)  DC. 

Dry  woods;  uncommon;  381. 

Desmodium  rigidum  (Ell.)  DC.  Dry 
woods;  uncommon;  640. 

Desmodium  nudiflorum  (L.)  DC. 
Woods;  occasional;  330. 

Desmodium  nuttallii  (Schindl.) 
Schub.  Woods;  uncommon;  383. 

Desmodium  paniculatum  (L.)  DC. 

Dry  woods;  occasional;  317. 

Galactia  volubilis  (L.)  Britt,  var 
mississippiensis  Vail.  Blufftop 
woods;  uncommon;  317. 


Gleditsia  triacanthos  L.  Woods; 
occasional ;  404. 

Lespedeza  cuneata  (Dum.-Cours . ) 

G.  Don.  Fields;  occasional;  non¬ 
native;  440. 

Lespedeza  hirta  (L.)  Hornem. 

Edge  of  dry  woods;  occasional;  601. 

Lespedeza  procumbens  Michx.  Old 
field  and  dry  woods;  occasional; 

367. 

Lespedeza  repens  (L.)  Bart. 

Disturbed  area;  occasional;  409. 

Lespedeza  stipulacea  Maxim.  Fields; 
common;  non-native;  288. 

Lespedeza  virginica  (L.)  Britt. 

Dry  woods;  occasional;  369. 

Melilotus  alba  Desr.  Old  fields; 
common;  non-native;  540. 

Melilotus  officinalis  (L.)  Lam. 

Old  fields;  common;  non-native; 

578. 

Psoralea  psora! ioides  (Walt.) 

Cory  var.  eglandulosa  (Ell.)  Free¬ 
man.  Dry  slope  woods;  occasional; 
536. 

Robinia  pseudoacacia  L.  Edge  of 
woods ; occasional;  590 . 

Stylosanthes  bi flora  (L.)  BSP. 
Blufftop;  common;  217. 

Tephrosia  virginiana  (L.)  Pers. 
Bluff;  uncommon;  255. 

Tri folium  arvense  L .  Moist 
disturbed  area;  occasional;  non¬ 
native;  581. 

Tri folium  campestre  Schreb.  Dis- 
turbed  area;  occasional;  non-native; 
202. 


Tri folium  dubium  Sibth.  Moist 
disturbed  area;  uncommon;  576. 

Tri folium  hybridum  L.  Moist 
disturbed  area;  occasional;  577. 

Tri folium  pratense  L.  Old  fields 
and  disturbed  areas;  common;  non¬ 
native;  205. 

Tri folium  repens  L.  Old  field; 
common;  non-native;  204. 

0XALIDACEAE 

Oxal i s  dil leni i  Jacq .  Disturbed 
area;  common;  1 78 . 

Oxal is  violacea  L.  Woods;  common; 
177. 

GERANIACEAE 

Geranium  carol  ini anum  L.  Slope 
woods;  common;  200, 

Geranium  maculatum  L.  Rich  woods; 
common;  137. 

RUTACEAE 

Xanthoxylum  americanum  Mill.  Low¬ 
land  woods;  rare;  61 2. 

SIMAROUBACEAE 

Ailanthus  altissima  (Mill.)  Sw. 
Edge  of  woods;  rare;  non-native; 
351  . 

EUPHORBIACEAE 

Acalypha  gracilens  Gray.  Woods 
and  fields;  occasional;  265. 

Crotonopsi s  el  1 iptica  W i 1  Id. 

Bluff;  occasional;  297. 

Euphorbia  corollata  L.  Old  field; 
common;  243. 
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ANACARDIACEAE 


BALSAMINACEAE 


Rhus  aromatica  Ait,  Upland  woods; 
occasional;  132 . 

Rhus  copall ina  L.  Old  fields; 
common;  555. 

Rhus  glabra  L.  Old  field; 
common;  626. 

Toxicodendron  radicans  (L. ) 

Kuntze.  Woods;  common;  652. 

AQUIFOLIACEAE 

Ilex  decidua  Walt.  Moist  woods; 
occasional;  558. 

CELASTRACEAE 


Impatiens  biflora  Walt.  Flood- 
plain  woods;  common;  336. 

RHAMNACEAE 

Ceanothus  americanus  L.  Mesic 
woods;  occasional ;  212 . 

VITACEAE 

Parthenocissus  quinqui folia  (L. ) 
Planch.  Woods;  common;  305. 

Vitis  aestivalis  Michx.  Rocky 
woods;  common;  242. 

Vitis  cenerea  Engel m.  Woods; 
common;  516. 


Euonymus  atropurpureus  Jacq . 
Mesic  ravine;  occasional;  502. 

STAPHYLEACEAE 

Staphylea  tri folia  L.  Mesic 
woods;  common;  463. 

ACERACEAE 


HYPERICACEAE 


Ascyrum  hyper ico ides  L.  var.  mul  - 
ti caule  (Michx.)  Fern .  Dry  woods ; 
common;  295. 


Hypericum  drummondii  (Grev.  & 
Hook. )  Torr .  &  Gray.  Old  field; 
common;  364. 


Acer  negundo  L.  Mesic  woods; 
common ;  318. 

Acer  rubrum  L.  Rocky  woods; 
common;  444. 

Acer  rubrum  L.  var.  rubrum  L. 
f.  tomentosum  (Desf.)  Dansereau. 
Dry  wooded  slope;  rare;  466. 

Acer  saccharin  urn  L.  Flood- 
pi  a l n~woo8sT~occa si onal ;  563. 

Acer  saccharum  Marsh.  Rich 
woods;  common;  487. 

Acer  saccharum  Marsh,  var. 
schneckii  Rehder.  Rich  woods; 
occasional ;  507. 


Hypericum  gen ti an o ides  (L.)  BSP. 
Bluff  ledge;  occasional;  290. 

Hypericum  punctatum  Lam.  Old 
field;  common;  272. 

CISTACEAE 

Lechea  tenuifol ia  Mi chx .  B1 ufftop ; 
occasional ;  289. 

VIOLACEAE 

Hybanthus  concolor  (T.  F.  Forst.) 
Spreng.  Rich  woods;  common;  273. 

**Vio1a  pratincola  Greene.  Woods; 
rare;  118. 

Viola  pubescens  Ait.  Moist  woods; 
occasional ;  141 . 
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Viola  rafinesguii  Greene,  Old 
field;  common;  non-native;  158. 

Viola  sororia  Willd.  Woods; 
common;  115. 

Viola  striata  Ait.  Moist 
woods;  occassional;  898. 

Viola  triloba  Schwein.  Wooded 
slopes;  common;  488. 

Viola  triloba  Schwein  var. 
dilatata  (EH.)  Brainerd. 

Dry  blufftop  woods;  occa¬ 
sional  ;  864. 

PASSIFLORACEAE 

Passi flora  lutea  L.  var.  gla- 
brifloraTern.  Thicket  in  old 
field;  occasional;  284. 

CACTACEAE 

Opuntia  compressa  (Salisb.) 

Macbr.  Bluff;  occasional ;  246. 

NYSSACEAE 

Nyssa  sylvatica  Marsh.  Mesic 
woods;  common;  231. 

ONAGRACEAE 

Circaea  quadrisul cata  (Maxim.) 
Franch .  and  Sav.  Moist  woods; 
occasional;  236. 

Ludwigia  alterni folia  L.  Old 
fiel ds ; occasional;  309 . 

Oenothera  biennis  L.  Old  fields; 
common;  340. 

Oenothera  1  ini  folia  Nutt.  Bluff 
ledges;  occasional;  174. 

ARALIACEAE 

Aralia  spinosa  L.  Wooded 
slopes;  occasional;  649. 


Panax  quinquefol i us  L .  Ri ch 
rocky  woods;  uncommon;  198. 

UMBELLIFERAE 

Chaerophyl 1  urn  procumbens  (L . ) 
Crantz.  Rich  moist  woods; 
common;  471. 

Cryptotaenia  canadensis  (L.)  DC. 
Wet  ground;  occasional;  237. 

Daucus  carota  L.  Old  field; 
common;  non -native;  327. 

Erigenia  bulbosa  (Michx.)  Nutt. 
Rich  moist  woods;  common;  121. 

Osmorhiza  cl  ay ton ii  (Michx.) 
Clarke.  Rich  woods;  occasional; 
152. 

Osmorhiza  longistylis  (Torr.)  DC. 
var.  villi  caul  is  Fern.  Rich 
woods;  uncommon;  245. 

Poly taenia  nutallii  DC.  Rocky 
woods;  occasional;  188. 

Sanicula  canadensis  L.  Woods; 
occasional ;  285 . 

Sanicula  gregaria  Bickn.  Flood- 
plain  woods;  occasional;  240. 

Thaspium  tri folia  turn  (L.)  Gray. 
Rocky  woods;  uncommon;  164. 

Thaspium  trifoliatum  (L.)  Gray, 
var.  flavum  Blake.  Rocky  woods; 
occasional ;  206 . 

CORNACEAE 

Cornus  fl ori da  L.  Edge  of  old 
fields  and  woods;  common;  113. 

Cornus  racemosa  Lam.  Slope  woods; 
common;  642. 
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ERICACEAE 


GENTIANACEAE 


Monotropa  hypopi thys  L .  Dry 
woods,  on  decomposed  log;  rare; 

339. 

Vaccini urn  arboreum  Marsh . 

Bluffs  and  dry  slopes;  common;  230. 

Vacci ni urn  vacillans  Torr. 

Bluffs;  occasional;  159. 

PRIMULACEAE 

Dodecatheon  frenchii  (Vasey)  Rydb. 
Bases  of  cliffs  and  overhangs; 
occasional;  194. 

Dodecatheon  meadia  L.  Open 
woods;  common  on  bluff;  195. 

Lysimachia  ciliata  L.  Lowland 
woods;  occasional;  248. 

Lysimachia  1 ancolata  Walt. 

Moist  woods;  common;  247. 

Samol us  parvif Torus  Raf .  On 
rock  in  stream;  uncommon;  394. 

EBENACEAE 

Diospyros  virginiana  L.  Old 
field;  common;  220. 

OLEACEAE 

Fraxinus  americana  L.  Woods; 
common;  547. 

Fraxinus  pennsyl vani ca  Marsh. 

Upland  woods;  occasional;  532. 

Fraxinus  pennsyl vani ca  Marsh, 
var.  subintegerrima  (Vahl)  Fern. 
Woods;  common;  512. 

LOGANIACEAE 

Spi gel ia  marilandica  L  . 

Mesic  woods;  uncommon;  234. 


Obolaria  virginica  L.  Rich  mesic 
woods;  rare;  504 

Sabatia  angularis  (L.)  Pursh. 

Old  field;  uncommon;  310. 

Swertia  carol  ini ensis  (Walt.) 
Kuntze.  Rich  woods;  occasional; 
546. 

APOCYNACEAE 

Apocynum  cannabinum  L.  Old  field; 
common;  239. 

ASCLEPIADACEAE 

Asclepias  syriaca  L.  Oldfield; 
common;  264. 

Asclepias  tubgrosa  L.  var.  inter¬ 
ior  (Woods.)  Shinners.  Old  field; 
common;  263. 

Asclepias  variegata  L.  Rocky 
slope  woods;  uncommon;  215. 

Asclepias  verticil  lata  L.  Old 
field;  uncommon;  422. 

CONVOLVULACEAE 

Convolvulus  arvensis  L.  Old  field; 
occasional;  non-native;  324. 

Ipomoea  lacunosa  L.  Old  field; 
occasional;  406. 

POLEMONIACEAE 

Phlox  bifida  Beck.  Upland  woods; 
common;  117. 

Phlox  divaricata  L.  ssp.  laphami i 
(Wood)  Wherry.  Woods;  common;  124. 

Phlox  pilosa  L.  Dry  slope  woods; 
occasional ;  499 . 

Polemoni urn  reptans  L .  Mo i s t  1 ow 
woods;  occasional;  140. 
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HYDROPHYLLACEAE 

Hydro phyl  1  urn  appendicul atum  Michx. 
Rich  woods;  occasional;  180. 

Hydrophyl 1 urn  vi rgi nianum  L .  Low 
rich  woods;  occasional;  192. 

Phacel ia  bipinnatifida  Michx. 

Rich  rocky  woods;  occasional;  197. 

BORAGINACEAE 

Cynoglossum  virginianum  L.  Rich 
wooded  slopes;  occasional;  157. 

Myosotis  virqinica  (L.)  BSP. 

Old  field;  occasional;  467. 

VERBENACEAE 

Verbena  hastata  L.  Disturbed 
area;  common;  345. 

Verbena  simplex  Lehm.  Old 
field;  occasional;  326. 

Verbena  urtici folia  L.  Old 
field;  occasional;  366. 

LABIATAE 

Blephilia  ciliata  (L.)  Benth. 

Old  field;  common;  214. 

**Co1 1 insonia  canadensis  L . 

Rocky  woods;  uncommon;  377. 

Cunila  origanoides  (L.)  Britt. 

Dry  rocky  slopes  and  bluff; 
common;  380. 

Glecoma  hederacea  L.  var. 
micrantha  Moricand.  Floodplain 
woods;  occasional;  non-native;  123. 

Monarda  bradburiana  Beck.  Dry 
woods;  occasional;  168. 

Monarda  fi stul osa  L .  Dry 
woods;  occasional;  589. 


Prunella  vulgaris  L.  Old  field; 
common;  non-native;  228. 

Prunella  vul garis  L .  va r .  1 anceo- 
lata  (Bart.)  Fern.  Old  field; 
occasional;  629. 

Pycnanthemum  incanum  (L.)  Michx. 
Old  field;  occasional;  337. 

^Pycnanthemum  pilosum  Nutt.  Old 
field;  rare;  342. 

Pycnanthemum  tenui folium  Schrad. 
Old  field;  common;  267. 

^Scutellaria  parvula  Michx.  var. 
austral i s  Fassett.  Blufftop; 
occasional;  518. 

^Scutellaria  parvula  Michx.  var. 
leonardii  (Epling)  Fern.  Rocky 
woods;  occasional;  175. 

Stachys  tenui folia  Willd.  Moist 
disturbed  area;  occasional;  625. 

SOLANACEAE 

Solanum  carol inense  L.  Old  field; 
common;  250. 

SCROPHULARIACEAE 

Collinsia  verna  Nutt.  Rich  flood- 
plain  woods;  occasional;  135. 

*Gerardia  fasciculata  Ell  .  Old 
field;  uncommon;  402. 

Gerardia  flava  L.  Rocky  woods; 
common;  386. 

Gerardia  tenui folia  Vah.  Old 
field;  common;  439. 

Lindernia  dubia  (L.)  Pennell. 

Open  woods;  occasional;  538. 

Mimulus  alatus  Ait.  Dry  creek 
bed;  occasional;  425. 
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**Penstemon  alluviorum  Pennel 1 . 
Floodplain  woods;  rare;  545. 

Penstemon  digitalis  Nutt.  Woods; 
occasional;  560. 

Penstemon  pallidus  Small.  Bluff- 
top  woods;  common;  167. 

Scrophul aria  marilandica  L. 
Disturbed  are;  occasional;  329. 

Verbascum  thapsus  L.  Disturbed 
area;  occasional;  non-native;  348. 

Veronica  arvensis  L.  Old  field; 
occasional;  non-native;  151. 

Veronica strum  virginicum  (L.) 

Farw.  Disturbed  area;  un¬ 
common;  325. 

BIGNONIACEAE 

Campsis  radicans  (L.)  Seem. 

Old  field,  edge  of  woods; 
common;  646. 

0R0BANCHACEAE 

Epifagus  virginiana  (L.)  Bart. 
Parasitic  on  beech  roots;  occa¬ 
sional;  399. 

Orobanche  uni  flora  L.  Rich  slope 
woods;  rare;  153. 

ACANTHACEAE 

Ruellia  humilis  Nutt.  Dry  bluff- 
top  woods;  common;  382. 

Ruellia  pedunculata  Torr.  Rich 
rocky  woods;  occasional;  226. 

PLANTAGINACEAE 

Plantago  aristata  Michx.  Old 
field;  common;  244. 

Plantago  lanceolata  L.  Old 
fields  and  trails;  common;  173. 


Plantago  pus i 11  a  Nutt.  Blufftop; 
occasional;  530. 

Plantago  rugelii  Dene.  Old  field; 
common;  307. 

Plantago  virginica  L.  Bluff 
ledge;  common;  207. 

RUBIACEAE 

Cephalanthus  occidental  is  L. 

Pond;  rare; 600. 

Diodia  teres  Walt.  Old  field; 
occasional;  301. 

Galium  aparine  L.  Woods;  common; 
156: 

Galium  circaezans  Michx.  Mesic 
woods;  common;  5l3. 

Galium  pilosum  Ait.  Blufftop 
woods;  common;  333. 

Gal ium  tine tori  urn  L.  Low  wet 
woods;  rare;  573. 

Galium  triflorum  Michx.  Wet 
woods;  occasional;  216. 

Houstonia  longifolia  Gaertn.  var. 
tenuifolTa  (Nutt.)  Wood.  Bluff- 
top  woods;  common;  181. 

Houstonia  pus i 1  la  Schoepf .  Rocky 
woods;  common;  136. 

CAPRIFOLIACEAE 

Lonicera  japonica  Thunb.  Distur¬ 
bed  areas;  common;  non-native;  635. 

Sambucus  canadensis  L.  Moist 
disturbed  area;  common;  479. 

Symphoricarpos  orbiculatus  Moench. 
Dry  woods  and  rock  outcrops; 
occasional;  622. 

Triosteum  angustifol ium  L.  On 
rocks  in  dry  woods;  uncommon;  154. 
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VALERIANACEAE 

Valeriana  pauci flora  Michx. 

Low  woods;  uncommon;  184. 

Valerianella  radiata  Dufr.  Wet 
disturbed  area;  occasional;  203. 

CAMPANULACEAE 

Campanula  americana  L .  Road¬ 
side;  common;  319. 

Lobelia  cardinal  is  L.  Old 
field;  occasional;  424. 

Lobelia  inf lata  L.  Old  field; 
common;  338. 

Lobelia  puberula  Michx.  Open 
woods;  occasional;  410. 

Specularia  perfol iata  ( L . )  A . 

DC.  Bluff;  common;  221. 

COMPOS ITAE 


Aster  oblongifolius  Nutt.  Dry 
blufftop  woods;  occasional;  611. 

Aster  ontarionis  Wieg.  Disturbed 
area;  common;  437. 


Aster  patens  Ait.  Old  field; 
occasional;  395. 

Aster  pilosus  Willd.  Old  field; 
common;  438. 

Aster  praealtus  Poir.  Old  field; 
occasional;  279. 


Aster  shortii  Lindl.  Floodplain 
woods;  common;  616. 

Aster  simplex  Willd.  Lowland 
woods;  common;  615. 


Aster  turbinellus  Lindl.  Old 
field;  occasional;  420. 


Aster  vimineus  Lam.  Old  field; 
occasional ;  436 . 


Achillea  millefolium  L.  Old  Bidens  aristosa  L.  Old  field; 

field;  common;  non-native;  161.  common;  392. 


Ambrosia  artemisi ifol ia  L . 
Disturbed  area;  common;  375. 

Ambrosia  bidentata  Michx.  Old 
field;  common;  376. 

Antennaria  plantaginifol ia  ( L . ) 
Richards.  Dry  upland  woods; 
common;  125. 

Arctium  minus  (Hi  1 1 )  Bernh. 
Disturbed  area;  occasional;  352. 

**Aster  anomalus  Engelm.  Bluff- 
top  woods;  occasional;  446. 

Aster  cordi fol ius  L  .  Woods ; 
occasional;  256. 

*Aster  dumosus  L.  Old  field; 
rare;  604. 


Bidens  coronata  (L.)  Britt.  Old 
field;  occasional;  374. 

Cacalia  atrip! icifol ia  L.  Dis¬ 
turbed  area;  occasional;  391. 

Cacalia  muhlenbergii  (Sch.-Bip.) 
Fern.  Woods;  uncommon;  254. 

Chrysanthemum  leucanthemum  L.  Old 
field;  common;  non-native;  201. 

Circium  discolor  (Muhl.)  Spreng. 
Old  field;  occasional;  379. 

El ephantopus  carol inianus  Willd. 
Disturbed  area;  occasional;  390. 

Erechtites  hieraci folia  (L.)  Raf. 
Pond  margin;  occasional;  599. 

Erigeron  annuus  (L.)  Pers.  Distur¬ 
bed  area;  common;  556. 
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Erigeron  phi ladelphicus  L.  Dis¬ 
turbed  area  in  woods;  common;  196. 

**Erigeron  pulchellus  Michx.  Low 
woods;  occasional;  496. 

Erigeron  strigosus  Muhl .  Dis¬ 
turbed  area;  occasional;  400. 

Eupatorium  coelestinum  L.  Moist 
disturbed  area;  occasional;  401. 

*Eupa tori um  fistulosum  Barra tt. 

Wet  ground;  rare;  572. 

Eupatorium  purpureum  L.  Edge  of 
woods;  common;  331. 

Eupatorium  rugosum  Houtt.  Moist 
disturbed  area;  occasional;  592. 

Eupatorium  seroti num  Mi chx . 

Woods;  common;  595. 

Gnaphalium  obtusi folium  L.  Dis¬ 
turbed  area;  occasional;  653. 

Gnaphalium  purpureum  L.  Open 
woods;  occasional;  183. 

Helenium  autumnal e  L.  Old 
field;  occasional;  334. 

Hel ianthus  decapetal us  L .  Dry 
open  woods;  occasional;  335. 

Hel ianthus  difraricatus  L.  Open 
woods;  common;  304. 

Hel ianthus  hi rsutus  Raf .  Open 
woods;  occasional;  636. 

Hel ianthus  microcephal us  Torr. 

&  Gray.  Moist  disturbed  area; 
occasional ;  274. 

**Hel ianthus  occidental  is  Ri ddel 1 . 
Field  on  bluff;  rare;  182. 

Hel ianthus  strumosus  L.  Woods; 
occasional;  362. 


He! iopsi s  hel ianthoides  ( L . ) 

Sweet.  Old  field;  occasional;  213. 

Hieracium  gronovii  L.  Old  field; 
occasional;  363. 

Iva  annua  L.  Parking  lot;  un¬ 
common;  598. 

Krigia  bi flora  (Walt.)  Blake.  Old 
field;  common;  170. 

Krigia  dandelion  (L.)  Nutt.  Open 
woods;  occasional;  191. 

Krigia  opposi tifol ia  Raf.  Bluff- 
top;  occasional;  171. 

Krigia  virginica  (L.)  Willd. 

Bluff;  uncommon;  306. 

Lactuca  canadensis  L.  Disturbed 
area;  common;  355. 

Polymnia  canadensis  L.  Base  of 
cliff  in  woods;  occasional;  278. 

Prenanthes  altissima  L.  Disturbed 
area ;  occasional ;  41 1 . 

Pyrrhopappus  carol inianus  (Walt.) 
DC.  Dry  woods;  occasional;  343. 

Rudbeckia  hirta  L.  Old  field; 
common;  227. 

Senecio  glabel 1  us  Po i r .  Moist 
disturbed  area;  common;  166. 

Si 1  phi um  perfoliatum  L.  Moist 
disturbed  area;  occasional;  408. 

Solidago  caesia  L.  Base  of  cliff; 
occasional;  445. 

Solidago  canadensis  L.  Oldfield; 
common;  393. 

*Solidago  gramini folia  (L.)  Sa- 
lisb.  Old  field;  occasional;  389. 

**Solidago  juncea  Ait.  Open  woods; 
common;  311. 
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Soli  da go  nemoralis  Alt.  Old 
field;  common;  426. 

**So1idago  patula  Muhl .  Moist 
woods;  uncommon;  373. 

Soli  dago  petiolaris  Ait.  Rock 
outcrop;  uncommon;  606. 

Soli  dago  ul mi  folia  Muhl.  Dis¬ 
turbed  area;  common;  377. 


Taraxacum  officinale  Weber.  Dis¬ 
turbed  area;  common;  non-native; 
624. 

Verbesina  al terni fol ia  (L . ) 

Britt.  Moist  open  woods; 
occasional;  403. 

Verbesi na  hel ianthoides  Michx. 
Open  woods  on  bluff;  common;  275. 

Vernonia  gigantea  (Walt.)  Trel . 
Disturbed  area;  common;  405. 
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ABSTRACT 


The  main  purpose  of  this  paper  is  to  give  new 
methods  and  ideas  for  the  numerical  solution  of  the 
differential  equation  L(x)  =  (rx1) '  +  px  =  0  or 

b  2  2 

equivalently  the  quadratic  form  J(x)  = J  [rx1  -  px 


]dt . 


a 

Numerical  algorithms  are  given  which  are  accurate,  fast, 
and  very  easy  to  implement .  Our  methods  allow  both  ini¬ 
tial  value  problems  and  boundary  value  problems.  These 
methods  follow  from  a  broad  mathematical  theory,  and 
yield  strong  convergence  properties  and  ideas  which 
generalized  to  more  difficult  problems.  The  problems 
are  often  identified  by  the  terms  Raleigh-Ritz  and 
finite  element  method. 


INTRODUCTION 


In  this  paper  we  will  present  new  numerical  algorithms,  methods 
and  ideas  for  second  order  symmetric  differential  equations,  quadratic 
extremal  problems  in  the  calculus  of  variations,  and  banded  symmetric 
matrices.  Test  runs  (including  some  on  hand  calculators)  indicate  that 
our  methods  are  often  faster,  more  accurate,  and  require  less  storage 
than  more  usual  methods  even  when  these  methods  are  available. 

These  results  will  "immediately"  generalize  to  new  numerical  methods 
for  higher  order  symmetric  differential  equations,  partial  differential 
equations,  and  eigenvalue  problems.  Thus  we  will  quantitatively  solve 
many  problems  of  oscillation.  The  proofs  of  these  results  are  very 
technical.  They  depend  upon  an  approximation  theory  of  quadratic  forms 
given  by  the  first  author  [2]  and  will  appear  separately  in  another 
journal.  Thus  the  presentation  in  this  paper  will  be  solely  to  focus 
on  numerical  algorithms.  The  reader  should  consult  [2]  to  consider  the 
mathematical  problems  and  related  ideas  which  can  be  solved  but  which 
we  do  not  discuss  here. 

The  basic  problem  is  to  find  numerical  solutions  of  L(x)  =  0  or 
equivalently  numerical  extremal  solutions  to  the  quadratic  form  problem 
J(x)  where 
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(1)  L(x)  =  (r (t)x’ (t) ) '  +  p(t)x(t)  =  0,  x(a)  =  0  and 

b  ?  ? 

(2)  J(x)  =  f  [r (t) x ’  (t)  -  p(t)x  ( t) ] dt . 

a 

The  problems  are  equivalent  in  that  L(x)  =  0  is  the  Euler-Lagrange 
equation  for  the  quadratic  form  J(x).  We  require  r(t)  >  0  on  [a,  b] 
and  assume  r(t)  and  p(t)  are  continuous  although  weaker  conditions  on 
the  coefficients  r(t)  and  p(t)  will  suffice. 


In  Section  II  we  construct  the  numerical  approximation  J(x;  a)  of 
J(x).  This  is  a  finite  dimensional  quadratic  form 

J (x;  a)  =  dTD(a)d 


where  D(a)  is  a  symmetric  tridiagonal  matrix  and  d  =  (d^,  d^,  ...)  is 

the  coefficient  vector  of  the  piecewise  linear  function  x(t)  which  is 
a  line  segment  between  P^_  and  P^+-^  where  =  (a+kcf,  d^_)  (k=l , 2 , 3 , .  .  . )  . 

In  Section  III  we  give  the  algorithm  which  defines  a  vector  c  =  (c^jC^,...) 

and  an  extremal  solution  xa(t)  which  is  both  the  "Euler-Lagrange  solution" 
to  D(a)  and  the  numerical  solution  of  xg(t)  where  xg(t)  is  a  nontrivial 

solution  of  L(x)  =  0,  x(a)  =0;  in  the  sense  that  under  proper  normali¬ 
zation,  i.e.,  x  ’(a)  =  x  ’ (a)  we  have 

*  o  o 


lim  J  [xa* (t)  -  xQ'(t)]2dt  =  0. 


a+0  a 


This  last  convergence  result  is  very  strong  for  this  type  of  problem. 
Furthermore,  because  integration  is  a  smoothing  process  (the  elements  of 
D (a)  are  constructed  this  way)  a  may  be  chosen  relatively  large.  In  Sec¬ 
tion  IV  we  give  two  new  numerical  methods  for  problems  of  this  type.  The 
first  is  a  dynamic  method  similar  to  conventional  methods  of  solving  ini¬ 
tial^  value  problems  in  differential  equations.  The  second  is  a  relaxa¬ 
tion  method  for  finding  solutions  to  boundary  value  problems.  In  Section 
V,  we  give  some  numerical  examples  of  our  algorithms.  Finally  in  the 
appendix  we  give  program  listings  and  results  of  test  runs. 


THE  APPROXIMATING  QUADRATIC  FORM 


In  this  section  we  construct  the  approximating  quadratic  form  J(x;  a) 

=  x  D(a)x  and  in  particular,  the  elements  e  „  of  D(a). 

a, (3 

Let  a  be  small  and  positive  and  choose  a  partition  of  the  interval 
[a,  b]  namely  tt(q)  =  (a^  =  a  <  a^  <  a^  <  ...  <  a^+^  _£  b)  where  a^  =  a  +  ka 

(k  =  0 , 1 , 2 , 3 , .  .  .  ,N)  .  For  convenience  we  assume  a^+-^  =  b.  For  each  k  let 
z^(t)  be  the  spline  hat  function  of  degree  1,  namely 


(3) 


zk(t)  = 


1  -  |t  -  akl/a  if  t  in  ak+l^ 


0 


otherwise 


We 


note  that  (z^,  ...,  z^}  is  a  basis  for  the  vector  space  of  piecewise 
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linear  functions  xa(t)  which  vanish  at  t  =  a  and  t  =  b ;  we  denote  this 
space  by  O^io)  to  conform  to  Reference  [2]. 


To  define  the  approximating  quadratic  form  J(x;  a)  we  choose  rg(t)  = 
r(a  *)  and  pg(t)  =  p(a  *)  if  a,  <  t  <  a,  ,  ,  where  a  *•  =  a,  +  a/2.  Then 


(4) 


k  k  —  k+1’  k  k 

h  0  o 

J (x;  a)  =  J  [ r^( t) x '  (t)  -  PrT(t)x  ( t )  ] dt 
a 


a 


defines  a  quadratic  form  on  the  space  O'  (a) •  Choosing  x(t)  =  baza(t) 
(repeated  indices  are  summed)  we  have  J(x;  a)  =  J(baza,  bgzg;  a)  = 
b  b  J ( z  ,  z  ;  a)  =  b  b  e 

a  B  a  B  a  B  otB 

THEOREM  1.  J(x;  a)  defined  by  (A)  on  the  space  O^io)  a  quadratic  form 
whose  associated  matrix  D(a)  =  (e  )  ijs  symmetric  and  tridiagonal  where 
ea ,  B  defined  below . 

To  construct  eag  we  note  that  if  |a  -  B[  >  2  we  have  e  „  =  0  since 
z^(t)  vanishes  off  tne  interval  (a^_^,  a^+^) .  Thus 


P  k+1  r  ,  ' 2  .  N  x  2 ,  N ,  , 

;k,k  =  S  (C)  -  Pa(t)zk(t)]dt 

ak-l 


f  k  [ ra(t) zk2 (t)  "  PQ(t)z^(t) ]dt  + 

a,  , 


+ 

f  k+1  , 

1  (r 

o(t)zk2(t)  - 

ak 

■  r(Ci>  /k 

ak-l 

lg)  dt  - 

P(»k-l) 

a2 

a1 

J  (t  -  a 

ak-l 

+  r(a*)  /k+1 

r  l^2 

l'„)  dt 

P(ak> 

rak+l 

(ak+l 

2 

0 

J 

ak 

ak 

*  2 

=  ar(ak_1)/a  - 

pK-H 

(3)  (t  - 

,3 

ak 

2 

a 

ak-l 

+  ar(a£)/a2  - 

P(a*> 

y  (ak+l 

-  o3 

ak+i 

2 

’a(t)V 


k-1' 


a 


and 


=  ^ r ^ak-l^  +  "  §  tP^ak-l^  +  P(ap] 


'k,  k+1 


=  .f 


k+2 


[ra(t)zk(t)zk+l(t)  "  pa(t)zk(t)zk+l(t)ldt 


k-1 
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■  .r  [ro(t)zk(t)zk+i(,:)  - 


pa(t)zk(c)zk+l(,:)ld,: 


k-1 


+  .f  k+1  [ra(t)zk(t)zk+l(l:)  -  po(t)zk(t)zk+l(t)  ,dt 
ak 


+  .r 


k+2 


[ra(t)zk(t)zk+l(t)  -  pa(t)zk(t)zk+l(l:)ldt 


k+1 


-  I  k+1  r(a?)(-i)  £)dt  -  .f 


k  v  oJ  yoJ 


^”^”1  /  *  \  r  1  /  .  \  t  r  1  /  . 

p(ak)[a(ak+l  -  t)1[o(t 


ak) ]dt 


r(ak)  i  .  *. 

— - g  P(ak>a- 


(5a) 


In  practice  it  is  more  convenient  to  normalize  our  problem  so  that 

2 

ek,k  =  r(ak-p  +  r^ak')  "  If  tp(a^_p  +  p(a*)]  and 


(5b) 


/  O  ,  -k\ 

ek,k+i =  _r(ak)  •  x  p(V- 


This  is  due  to  the  fact  that  J(x;  a)  is  quadratic,  hence  homogeneous  of 
degree  two. 


THE  ALGORITHM 


The  motivation  for  our  work  is  that  we  wish  to  construct  the  "Euler 
Lagrange  equations"  for  D(a).  In  the  continuous  case  the  bilinear  form 
for  (2)  is 

b  b  b 

J(x,y)  =  f  (rx’y'-pxy)  dt  =  -j‘  [(rx’)'+px]y  dt  +  r(t)x'(t  )y(t) 

a  a  a 


Hence  in  trying  to  make  J(x,  y)  =  0  for  all  y(t)  vanishing  at  t  =  a  and 
t  =  b  we  set  L(x)  =  (rx1) '  +  px  =  0  and  "wait"  until  y(b)  =  0.  The  dis¬ 


crete  analogue  is  to 

/sT  .  .  A 

c  D(g) c  =  0  when  the 


A\  t 

try  to  find  c  =  (c  ,  c^,  ...,  )  so  that  J(x,y;a)= 

function  ri  ( t )  =  d  z  (t)  becomes  zero  (where  repeated 

a  a 


indices  are  summed).  Thus  we  try  to  solve  D(a)c  =  0  and  "wait"  until  T)(t) 
becomes  zero.  This  cannot  be  done,  but  we  come  "as  close  as  we  can"  if  we 
define  the  sequence  { c ^ }  (i  =  1,  ...,  N)  by 


(6a)  c1e11  +  c2el2  =  0 

(6b)  Clen  +  c2e22  +  c3e23  =  0 
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(6c)  Ck-lek,k-l  +  Vk.k  +  Ck+lek,k+l  =  0  (k  =  3,4, 5,...  ,N) 


and  the  extremal  solution  xa(t)  =  caza(t).  Notice  that  (6)  gives  a  sequence 
{c, }  such  that  "D(a)c  =  0  except  for  the  last  term." 

K. 

THEOREM  2.  Define  e^  ^  and  e^  =  e^+^  ^  as  jin  (5)  and  {c^}  try  (6).  Let 
xn(t)  be  a  nonzero  solution  to  L(x)  =  0,  xn(a)  =  0  and  x^(t)  =  c^z^(t), 

u  ■  ■  ———————  ———————  —  vy  u  ut  m 

where  c^  is  chosen  so  that  x^’Ca)  =  x  ' (a) ,  that  is  c^  =  x^(a  +  a).  Then 

b  2 

(7)  lim  J  (xn'(t)-xa'(t))  dt  =  0 . 


a+0  a 


The  proof  of  this  result  is  very  technical  and  "breaks  new  ground" 
in  the  theory  of  approximation  in  that  we  are  approximating  the  nonposi¬ 
tive  part  of  an  operator  [2],  Furthermore  a  may  be  chosen  relatively 
large  if  r(t)  and  p(t)  are  smooth  because  our  methods  depend  on  construc¬ 
tion  of  negative  vectors,  i.e.,  eigenvectors  corresponding  to  negative 
eigenvalues.  Intuitively  we  find  roots  by  looking  at  changes  of  sign 
instead  of  a  relatively  unstable  method  for  finding  zeros.  In  actual 
fact  the  reader  may  verify  that  if  n.  is  the  j ^  value  of  k  for  which 


a^a^+^  _<  0  the  vectors  c^  =  (c^,  c 


n- 


,  0  ,  0 ,  . . . )  and  c .  = 


(0,  0,  ...,  0,  cn  +1,  cn  +2, 

^  rj-i  ^  J  J 

satisfy  D(a)c_.  _<  0. 


Vi 


I  t  j 

,  0 ,  0 ,  . . . )  for  j  =  2 ,  3,  ... 


As  an  aside  we  present  another  new  result  for  the  "Elliptic  type" 
matrix  D(a)  given  above.  Perhaps  more  significantly  we  should  note  that 
our  results  can  be  generalized  to  more  general  banded  matrices  of  this  type. 


Theorem  3  generalizes  the  well  known  result  that  a  symmetric  matrix 

A  =  (a,,)  is  positive  definite  if  and  only  if  the  determinants  p, ,  p~, 
nxn  lj  1  2 

and  p^  are  positive  where  p^  is  the  determinant  of  the  principal  minor 

Ap  =  (aij}  (i’  j  =  3>  •••>  P)- 


For  these  results  assume  p^.  is  as  described  above,  that  is,  let 

pA  =  1,  p,  =  e,,  and  p  =  e  p  ,  -  e^  ,p  _  (r  =  2,  3,  4,  ...). 

^0  rl  11  *r  r,r*r-l  r,r-l*r-2  ’  ’ 

THEOREM  3.  The  number  of  agreements  in  sign  of  two  successive  members 
of  the  sequence  { p  }  is  equal  to  the  number  of  eigenvalues  of  D(a)  which 


•  •  *  ft  ,  y 

J 


and  c^ ,  , 


are  greater  than  zero.  Similarly  if  n^,  n2» 

c . ,  ...  are  the  positive  integers  and  vectors  described  at  the  end  of  the 
^  th 

last  section ,  then  the  n^  principal  minor  of  D(a)  has  j  eigenvalues 

less  than  or  equal  to  zero  and  Cj  ijs  jan  "approximate"  zero  eigenvector 
of  D(a)  in  the  sense  described  above. 


To  find  the  eigenvalues  and  eigenvectors  of  D(a)  we  construct  the 
new  tridiagonal  matrix  (a )  =  D(a)  -  Al  where  A  is  any  real  number  and 

apply  Theorem  3  to  this  new  problem.  Note  that  this  procedure  gives  a 
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great  deal  of  information  for  numerical  problems.  It  is  evident  that 
with  the  speed  of  modern  day  computing  machines  that  these  methods  are 
both  accurate  and  extremely  fast.  The  results  will  be  given  in  a  later 
paper. 


TWO  METHODS  OF  COMPUTATION 

In  this  section  we  will  describe  a  "dynamic"  algorithm  for  initial 
value  problems  and  a  "relaxed"  method  for  boundary  value  problems.  The 
former  method  is  similar  to  conventional  methods  of  ordinary  differential 
equations  in  that  our  solution  at  3^+2  depends  upon  the  values  at  a^  and 

a.  The  latter  method  assumes  given  boundary  conditions  such  as  x(a)  = 

k+1 

x(b)  =  0  and  computes  the  solution  by  relaxation  methods. 


The  dynamic  method  has  in  fact  been  essentially  described  above  and 
given  by  equations  (6).  For  the  usual  examples  we  desire  a  one  dimen¬ 
sional  solution  with  x(0)  =  0.  This  can  be  done  by  choosing  c^  to  be 
some  desired  constant  or  by  choosing  c^  =  1,  solving  recursively  for  c^ 

by  equation  (6),  normalizing  the  c^  by  dividing  each  c^  by  max  {|c^j}  if 

desired.  If  we  desire  an  alternate  initial  condition  such  as  x'(a)  =  0 
we  begin  with  k  =  0,  Cq  =  1,  c_^  =  c^  in  (6c).  This  gives  Cq  =  1,  c^  = 

-cnen  n/(e  ,  +  e„  ),  and  c,  defined  recursively  by  (6)  for  k=2,3,4,...  . 
U  U  •  U  U  *  — _L  U  .  _L 


For  boundary  value  problems  such  as  x(a)  =  x(b)  =  0  we  used  a  re¬ 
laxed  or  Gauss-Seidel  method  on  the  matrix  D(a)  =  (eag)  to  solve  D(a)c=0. 

We  began  with  an  initial  guess  for  c  which  we  call  c^)  .  Let  c^n^  be  the 

value  of  the  vector  c  =  (c^,  c^,  .  ..,  c^T)  after  n  iterations  and  c^  = 

Cl(,n!  =  0  for  all  n.  Then  from  (6c)  we  have 
N+l 


(7) 


(n+l) 

k 


-  (c 


<">e 

k+1  k,  k+1 


+ 


(n+l)  v  , 

Ck-1  ek,k-l)/ek,k 


(k=  1,2,3,. ..,N). 


In  our  test  cases  we  observed  an  interesting  phenomena  which  agrees 

with  the  theory  [2].  To  be  specific  we  assume  our  setting  is  such  that 

a  =  0  and  the  first  conjugate  point  (focal  point  or  oscillation  point) 

is  at  b  =  tt.  If  a77  <  tt  the  matrix  (e  n)  is  positive  definite  and  hence 

N  ,  N  aB  /  \ 

the  iteration  (7)  gives  vectors  c  which  converge  to  c  =0.  The 


convergence  is  monotone  in  that  0 


a 


N. 


< 


a 


N, 


<  tt  implies  that 


(c^n^(N^)}  converges  to  c^  =  0  faster  than  (c^^N^)}. 


If  a^  >  tt  the  matrix  (from  our  theory)  has  a  negative  eigenvalue 

and  the  iteration  (7)  diverges.  As  above  the  divergence  is  monotone  in 
a^.  If  a^  is  close  to  tt  the  divergence  is  slow  while  if  tt  <  a^  <  a^ 

the  divergence  of  {c  ^(N^)}  is  greater  than  the  divergence  of  {c  (N^)}. 


If  =  tt  the  matrix  is  (numerically)  nonnegative  definite  and  our  itera¬ 
tion  procedure  converges  to  a  vector  in  the  null  space.  This  fact  follows 
from  theorems  in  [1]  or  the  theory  given  in  [2]. 
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TWO  TEST  CASES 


In  this  section  we  will  describe  the  computer  runs  for  two  equations. 

The  first  equation  is  the  differential  equation  x"  +  x  =  0,  x(0)=0. 
This  was  normalized  so  that  the  solution  is  sin  t.  In  tire  appendix  we 
will  describe  in  detail  computer  runs  for  the  second  equation.  In  all- 
computer  runs  the  test  runs  of  this  constant  coefficient  case  are  slightly 
better  than  the  equation  described  in  the  next  equation. 

Our  second  equation  is  the  differential  equation 

[(2  +  cos  t)x'(t)]’  +  (2  4-  2  cos  t)x(t)  =  0. 

The  reader  can  verify  that  sin  t  is  "the"  solution  which  vanishes  at 
t  =  0.  This  equation  provides  coefficients  with  reasonable  change  in 
values  for  values  of  t. 


Table  1  is  a  listing  of  our  dynamic  or  initial  value  program.  The 
program  can  be  easily  modified  to  give  the  solution  cos(t)  to  the  initial 
problem  with  x’(0)  =  0  instead  of  x(0)  =  0.  Table  2  is  a  listing  of  our 
relaxation  or  boundary  value  program  with  x(0)  =  x(tt)  =0.  We  note  that 
this  program  is  in  single  precision  arithmetic.  Table  3  is  our  test  case 
with  a  run  of  our  dynamic  program  with  size  s  =  1/128.  Table  4  is  a 
summary  of  runs  of  our  dynamic  program  with  different  step  sizes. 


TT 


100* 


Table  5  is  the  test  case  of  our  relaxation  method  with  step  size  s  = 
In  this  run  we  initialized  three  values  at  1,  the  remaining  98 


values  at  0  which  is  certainly  "far  removed"  from  the  correct  value  of 
sin  t.  After  1000  steps  we  normalized  the  solution  so  that  x(tt/2)  =  1. 
The  differences  of  normalized  values  is  given  as  f(x^)  =  sin  x^  -  c^/c^^ 
since  c,.^  is  our  largest  value. 


Since  most  of  our  test  runs  were  performed  on  a  terminal- t ime 
sharing  arrangement  exact  run  time  is  not  possible.  All  the  runs  given 
in  Table  4  including  massive  amounts  of  input  and  compiling  time  was  17 
seconds.  Hence  our  time  for  the  test  case  in  Table  3  would  be  a  maximum 
of  one  second.  Similarly  the  runs  in  Table  5  where  we  iterated  5000 
times  required  24  seconds. 


For  completeness  we  include  a  sketch  of  the  piecewise  approximation 
of  our  solution  by  our  basis  vectors  in  Table  6  where  a  =  0 ,  b  =  tt  .  We 
note  also  that  double  precision  "Quartic  Runge-Kutta"  methods  were  applied 
in  order  to  compare  results  with  those  of  Table  4.  As  might  be  expected 
in  this  case  (see  Reference  3,  p.  269)  the  methods  were  comparable  in 
that  the  greater  time  and  "cost"  of  the  latter  method  were  offset  by 
increased  accuracy. 
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Table  1. 


Listing  of  program  for  initial  value  problem 


(p(t)x') ’  +  q(t)x  =  0  where  p(t)  =  2  +  cos  t  and  q(t)  = 
2+2  cos  t. 


IMPLICIT  REAL*8  (A-H,0-Z) 

DIMENSION  C (3) 

C  NUMBER  OF  DIVISIONS  OF  INTERVAL  ARE  READ  IN,  IF  S=0  STOP 
100  READ  (5 , 1 50) S 
150  FORMAT  (DIO. 4) 

IF(S.EQ.O.DO)  GO  TO  401 
XS=  S*  7 • DO 
N=  I  DINT  (XS>) 

S= 1 . DO/ S 
B=S/ 2 . DO 
BB=S+S/ 2 . DO 

C  E1=DI AGONAL  ELEMENT,  E2  AND  E3  ARE  OFF-DIAGONAL  ELEMENTS 

E1=DCOS(B)+DCOS(BB)+4.DO-S*S* (2 . D0*DCOS (B) +2 .D0*DCOS (BB) +4 . DO) 
*/ 3 . DO 

E2=-DCOS(BB)  -2.D0-S*S*  (DCOS  (BB) +1 .  DO) /3  .  DO 
C  SOLUTION  IS  NORMALIZED  TO  SINX 
C (1 ) =DS IN (S) 

C(2)=-C(1)*E1/E2 
WRITE  (6,200)  S,C(1) 

200  FORMAT (T2, 'STEP  SIZE  =  '  , FI 1 . 8 ,T 2 5 , ' C  (1 )  =',F16.14) 

WRITE  (6,201) 

201  FORMAT ( ' 1 ' ) 

WRITE  (6,202) 

202  FORMAT (T2 , ' X  VALUE ', T20 ,' ALGORITHM  VALUE ’, T4 5 ,’ ACTUAL  VALUE', 
*T7  0 , 'DIFFERENCE' ) 

DO  250  1=3, N 
T=  I 

B=(T-2.  DO) *S  +  S/ 2 . DO 
BB=(T-1.  DO) *S  +  S/ 2 . DO 

El=DCOS (B) +DCOS (BB)+4.DO-S*S*(2.DO*DCOS(B)+2. DO* DCOS (BB)+4.D0) 
*/ 3 . DO 

E3=-DCOS(BB) -2.DO-S*S*(DCOS(BB)+1 .DO)/ 3. DO 
C  C ( 3)  REPRESENTS  THE  1+2  DYNAMIC  VALUE 
C(3)=(-C(1)*E2-C(2)*E1)/E3 
E2  =  E3 
M=N/1 00 
C(1)=C(2) 

C (2) =C  (3) 

IF  (MOD (I ,M) )  250,210,250 
210  Y= I 
X=Y*S 
Z=DSI N (X) 

W=Z - C (3) 

WRITE (6,225) (X,C(3) ,Z,W) 

225  FORMAT (T2,F8.5,T20,F16.14,T45,F16.14,T70,D22.14) 

250  CONTINUE 

WRITE  (6,300) 

300  FORMAT  ('1') 

GO  TO  100 
401  STOP 
END 
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Table  2. 


Listing  of  program  for  boundary  value  problem 


(p(t)s')'  +  q(t)x  =  0  with  p(t)  =  2  +  cos  t  and  q(t)  = 

2+2  cos  t. 

DIMENSION  EU(101) ,ED(101) ,C(101)  ,  F (101) 

P (X)  =  2 . O  +  COS (X) 

R (X)  =  2 . 0+2.0*COS(X) 

N=1 01 
NN=N- 1 

C  NN3*  NUMBER  OF  DIVISIONS  OF  THE  INTERVAL 
S=3. 141 592654/ NN 
DO  11  1=1, N 
11  C(I)=0.0 

C (20) =1 . 0 
C (45)  =  1 . 0 
C (30) =1 . 0 
DO  50  K=  2 , NN 
AK=K*S-S/2.0 
AL=AK- S 

ED (K) =P (AL) +P (AK) -  S*S* (R (AL) +R (AK) ) / 3 . 0 
EU(K)=-P(AK) -S*S*R(AK)/6. 0 
50  CONTINUE 

DO  100  ITER=1 ,5000 
DO  99  K=  2 , NN 

C  GAUSS- SEIDEL  ITERATION  STEP 
99  C  (K)  =  - (EU(K-1)*C(K-1)+EU(K) *C  (K+l) ) /ED (K) 

M=MOD (ITER, 1000) 

IF(M.NE.O)  GO  TO  100 
WRITE  (6,75)  ITER 

75  FORMAT (T2, 'NUMBER  OF  ITERATIONS= ’  , I  5) 

WRITE  (6,76) 

76  FORMAT (T2 , ’X-VALUE’ ,T20, ’ ACTUAL- VALUE ' , T4 5/ ALGORITHM- 
LVALUE  ’ , T70 , ’DIFFERENCE' ,T90, ' NORMALI ZER' ) 

DO  98  J=1,N 
98  F(J)=C(J)/C(51) 

DO  70  J= 1 , N , 5 
X=(J-1)*S 
Z=SIN (X) 

D=  Z - F ( J) 

WRITE (6, 80) (X , Z , F ( J) ,  D  ,  C  ( 5 1 ) ) 

80  FORMAT (T2 ,F8. 5 , T20 ,F16. 8 ,T4  5 , FI  6 . 8,T70,E16. 8,T90 ,F16. 8) 
70  CONTINUE 

WRITE  (6,110) 

110  FORMAT ( ’ 1 ' ) 

IF  (ITER. NE. 1000)  GO  TO  100 
C  RE- INITIALIZE  SOLUTION  TO  SIN  X 
85  C(L)=F(L) 

100  CONTINUE 
STOP 
END 
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Table  3.  Test  case  with  step  size  =  1/128  of  the  initial 
value  problem  (p(t)x’)f  +  q(t)x  =  0  where  p(t)  =  2  +  cos  t 
and  q (t )  =  2  +  2  cos  t . 


X  VALUE 

ALGORITHM  VALUE 

ACTUAL  VALUE 

DIFFERENCE 

0.0625 

0.062459 

0.062459 

-0. 542D-09 

0.3125 

0.307438 

0.307438 

-0. 680D-07 

0.5625 

0.533303 

0.533302 

-0.386D-06 

0.8125 

0.726009 

0. 726008 

-  0 . 1 1 ID- 0  5 

1.0625 

0.873577 

0.873574 

-0. 233D-05 

1.3125 

0.966830 

0.966826 

-0.405D-05 

1.5625 

0.999971 

0.999965 

-0.617D-05 

1.8125 

0.970940 

0.970931 

-0.850D-05 

2.0625 

0.881540 

0.881529 

-0.107D-04 

2.3125 

0.737331 

0.737318 

-0.127D-04 

2.5625 

0.547279 

0.547264 

-0.142D-04 

2.8125 

0.323199 

0.323184 

-0. 152D-04 

3.0625 

0.079026 

0.079010 

-0. 158D-04 

3.3125 

- .170060 

-  .170076 

-0. 163D-04 

3.5625 

- .408571 

- .408588 

-0. 169D-04 

3.8125 

-  .  621679 

- .621696 

-0.176D-04 

4.0625 

- . 796132 

- . 796150 

-0.183D-04 

4.3125 

- .921085 

- .921104 

-0.186D-04 

4 . 5625 

- . 988769 

- .988787 

-  0 . 1 8 ID- 04 

4 . 8125 

-  .  994976 

- . 994993 

-  0 . 165D- 04 

5.0625 

-  .939320 

- . 939334 

-0.136D-04 

5.3125 

- .825263 

- .825272 

-0.974D-05 

5 .5625 

-  .659894 

- .659899 

-0.486D-05 

5.8125 

- .453497 

-  .453497 

0. 569D-06 

6.0625 

-  .  218904 

- .218898 

0.610D-05 

6.3125 

0.029299 

0.029310 

0. 112D-04 

6.5625 

0.275681 

0.275696 

0 . 1 5  3D- 04 

6.8125 

0.504923 

0.504941 

0.181D-04 
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Table  4.  Error  range  of  solution  values  of  the  initial 


value  problem  (p(t)x')'  +  q(t)x  =  0  where  p(t)  = 
and  q(t)  =  2  +  2  cos  t  with  step  size  =  s  on  the 

tO  2 TT  . 


step  size 

maximum  error 

minimum  error 

1/32 

0. 301D-03 

0.661D-07 

1/64 

0. 761D-04 

0.207D-08 

1/128 

0. 190D-04 

0. 543D-09 

1/256 

0.475D-05 

0. 165D-09 

1/512 

0.119D-05 

0.451D-10 

1/1024 

0. 295D-06 

0.118D-10 

1/2000 

0. 798D-07 

0.317D-11 

1/4000 

0 . 285D-07 

0. 823D-12 

2  +  cos  t 
range  0 
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Table  5.  Differences  of  normalized  values  of  solution  to  the 


boundary  value  problem  (p(t)x,)x'  +  q(t)x  =  0  where  p (t )  = 
2  +  cos  t  and  q(t)  =  2  +  2  cos  t  with  step  size  =  tt/100  on 


the  range  0  to  tt. 


1000  iterations 

2000  iterations 

3000  iterations 

X-VALUE 

normalized  value 

normalized  value 

normalized  value 

=  0.05646 

=  1.00609 

=  1.00529 

0.15708 

-0. 110E-01 

-0.477E-03 

-0. 289E-04 

0.31416 

-0. 209E-01 

-0. 905E-03 

-  0 . 556E- 04 

0.47124 

-0.286E-01 

-0. 124E-02 

-0. 807E-04 

0.62832 

-0. 336E-01 

-0.146E-02 

-0. 100E-03 

0.78540 

-  0 . 352E- 01 

-0. 154E-02 

-0.111E-03 

0.94248 

-0. 335E-01 

-0.147E-02 

-0.108E-03 

1.09956 

-0.285E-01 

-0. 125E-02 

-0 . 920E-04 

1.25664 

-0.207E-01 

-0. 914E-03 

-0.658E-04 

1.41372 

-0.109E-01 

-0.482E-03 

-0.341E-04 

1.57080 

0.0 

0.0 

0.0 

1.72788 

0.110E-01 

0.471E-03 

0.252E-04 

1.88496 

0. 211E-01 

0. 900E-03 

0.455E-04 

2.04204 

0. 293E-01 

0. 124E-02 

0. 645E-04 

2.19911 

0. 347E-01 

0. 148E-02 

0.825E-04 

2.35619 

0. 367E-01 

0.157E-02 

0.889E-04 

2.51327 

0. 351E-01 

0. 150E-02 

0. 854E-04 

2.67035 

0. 299E-01 

0.128E-02 

0. 702E-04 

2.82743 

0. 217E-01 

0.929E-03 

0.483E-04 

2.98451 

0. 114E-01 

0.486E-03 

0. 246E-04 

3.14159 

0.627E-06 

0.627E-06 

0.627E-06 

4000  iterations 

5000  iterations 

normalized  value 

normalized  value 

=  1.00423 

=  1.00318 

-0.607E-05 

-  0 . 476E-05 

-0.120E-04 

-0.965E-05 

-0. 211E-04 

-0.168E-04 

-0. 312E-04 

-0.255E-04 

-0. 390E-04 

-0.329E-04 

-0.404E-04 

-0.340E-04 

-0. 345E-04 

-0. 290E-04 

-0. 252E-04 

-0. 202E-04 

-0.144E-04 

-0. 102E-04 

0.0 

0.0 

0.  542E-05 

0.536E-05 

0. 971E-05 

0 . 822E-05 

0.140E-04 

0.125E-04 

0.211E-04 

0.191E-04 

0. 237E-04 

0. 212E-04 

0.219E-04 

0 . 198E-04 

0.413E-04 

0.136E-04 

0. 780E-05 

0. 762E-05 

0. 351E-05 

0.351E-05 

0.627E-06 

0 . 627E-06 
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SWARMING  OF  ENTOMOBRYA  UNOSTRIGATA  (INSECTA: COLLEMBOLA) 
IN  SOUTH  HOLLAND,  COOK  COUNTY,  ILLINOIS 

Jose  A.  Maxi  Mutt'*' 

Illinois  Natural  History  Survey,  Urbana,  Illinois  61801 

ABSTRACT 


A  swarm  of  Entomobrya  unostrigata  Stach  is  reported 
from  the  town  of  South  Holland,  Cook  County,  Illinois. 

The  swarm  is  the  first  recorded  for  this  species  and 
the  second  of  such  an  event  in  the  state. 

Swarms,  outbreaks  or  mass  emergences  of  Collembola  are  well  known  to 
students  of  the  order  and  these  events  have  been  reported  from  several- 
parts  of  the  world.  In  the  United  States,  Wray  (1945)  recorded  a  swarm  of 
Hypogastrura  armata  (Nicolet)  in  North  Carolina.  Park  (1949)  wrote  about 
a  large  aggregation  of  Hypogastrura  bengtssoni  (Axelson)  in  the  campus  of 
Northwestern  University  in  Illinois.  Paclt  (1956)  reviewed  the  subject  on 
a  world  basis. 

On  July  9,  1976,  Mr.  Harry  Paarlberg  of  Lansing,  Illinois,  contacted 
Dr.  Roscoe  Randell  of  the  Extension  Entomology  division  of  the  Illinois 
Natural  History  Survey  for  advice  regarding  the  outbreak  of  a  species  of 
springtail  in  the  town  of  South  Holland.  Subsequently,  Mr.  Paarlberg  sub¬ 
mitted  a  series  of  specimens  which  Dr.  Kenneth  A.  Christiansen  kindly 
identified  as  Entomobrya  unostrigata  Stach,  a  member  of  the  family 
Entomobryidae . 

On  July  16  the  author  and  Dr.  Randell  visited  South  Holland  in  order 
to  study  the  swarm,  collect  specimens  and  talk  to  the  residents  of  the 
area.  The  residents  noted  the  abundance  of  springtails  for  the  1st  time 
on  July  9*  They  informed  us  that  by  the  12th  the  population  was  so  heavy 
that  sidewalks,  parking  lots,  lawns,  etc.,  over  an  area  of  2  squaxe 
blocks  were  well  covered  by  the  insects.  Several  houses  and  a  church  were 
heavily  infested  and  much  insecticide  was  applied  on  the  area.  By  the 
16th  the  population  was  on  the  decrease. 

According  to  residents,  the  springtails  were  abundant  after  4  p.m. 
and  were  absent  in  early  morning  and  early  afternoon.  No  observations 
were  made  during  the  night. 

This  swarm  is  worthy  of  notice  because  it  is  only  the  2nd  record  of 
such  an  event  in  Illinois  and  the  1st  for  this  species.  In  addition,  the 
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emergence  ocurred  at  a  time  when  no  rains  were  reported  in  the  area  and 
relative  humidities  were  low  (however,  populations  could  have  built  up 
during  more  favorable  conditions) .  It  may  also  be  noted  that  this  is  the 
1st  record  of  E.  unostrigata  from  Illinois.  According  to  records  kept  by 
Dr.  Christiansen,  this  is  only  the  3rd  time  that  the  species  has  been 
collected  east  of  the  Mississippi  river.  Previous  records  are  (in  chrono¬ 
logical  order)  from  California,  Colorado,  Utah,  New  Mexico,  Arizona, 

Texas,  Kentucky  and  Maryland. 

Several  specimens  from  this  swarm  are  deposited  in  Dr.  Christiansen's 
collection  and  others  are  in  the  collection  of  the  Illinois  Natural 
History  Survey. 
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ABSTRACT 


The  Fox  Chain  of  Lakes  experiences  luxuriant  and 
prolonged  algal  blooms,  periodic  fish  kills,  offensive 
odors,  and  other  symptoms  of  the  advanced  stage  of  eu¬ 
trophication.  All  the  deep  lakes  in  the  chain  stratify 
thermally  and  the  hypolimnetic  zones  are  totally  devoid 
of  oxygen.  In  the  shallow  lakes,  even  though  the  tem¬ 
peratures  are  uniform,  or  nearly  so,  for  the  entire 
depth,  there  is  a  significant  drop  in  dissolved  oxygen 
near  the  bottom  of  the  lake.  The  oxygen  demands  exerted 
by  the  bottom  sediments  are  much  higher  than  the  oxygen 
replenished  from  the  atmosphere  during  the  summer  months. 

The  lake  waters  are  high  in  alkalinity  and  hardness, 
typical  of  midwestem  surface  waters.  The  pH  values  of 
lake  surface  water  samples  were  never  less  than  8.0  dur¬ 
ing  this  investigation.  This  is  indicative  of  active 
photosynthesis  in  which  carbon  dioxide  is  utilized  from 
the  bicarbonate  alkalinity.  Deep  water  samples  had  pH 
values  less  than  8.0  generally  when  the  bottom  sediments 
were  undergoing  anaerobic  decomposition. 

The  mean  nitrate  concentrations  in  all  the  lakes 
and  at  all  depths  examined  were  similar.  The  dissolved 
orthophosphorus  concentrations  in  the  deep  water  zones 
were  observed  to  be  several  orders  of  magnitude  higher 
than  the  values  determined  for  surface  and  mid- depth  wa¬ 
ter  samples  in  these  lakes.  The  phosphorus  and  nitrogen 
concentration  levels  in  the  lakes  were  much  higher  than 
the  critical  levels  of  nutrient  concentrations  suggested 
in  the  literature. 


INTRODUCTION 


The  Fox  Chain  of  Lakes  consists  of  nine  major  internally  connected 
lakes  located  in  Lake  and  McHenry  Counties  in  northern  Illinois.  The 
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inflow  into  the  lake  system  is  the  Fox  River.  Other  tributaries  of  im¬ 
portance  are  the  Sequoit,  Nippers ink,  and  Squaw  Creeks,  and  Lily  Lake 
Drain.  The  drainage  area  of  the  Fox  River  at  Johnsburg,  immediately 
downstream  of  the  Fox  Chain  of  Lakes,  is  3,066.56  square  kilometers.  Ap¬ 
proximately  75  percent  of  the  drainage  area  lies  in  Wisconsin. 

The  surface  water  levels  of  the  system  are  maintained  by  a  dam  at 
McHenry.  At  normal  pool  elevation,  the  water  surface  area  of  the  lake 
system  is  about  2772  hectares.  The  shoreline  extends  77  kilometers  and 
there  is  an  additional  48  kilometers  of  dredged  channel  shoreline  to 
accommodate  demands  for  lake  frontage  property. 

The  lakes  and  their  associated  shorelands  constitute  a  natural  val¬ 
uable  resource  that  is  showing  the  effects  of  use  and  abuse  by  more  and 
more  people.  Nuisance  algal  blooms  have  been  a  source  of  recorded  com¬ 
plaints  on  the  Chain  for  at  least  the  past  35  years.  Such  protests  ex¬ 
pressed  apprehension  regarding  the  curtailment  of  bathing,  boating,  wa¬ 
ter  skiing,  fishing,  lowering  of  property  values,  cancellation  of  resort 
trade,  and  impairment  of  the  picturesque  beauty  of  the  Chain.  Luxuriant 
and  prolonged  algal  blooms,  periodic  fish  kills,  and  offensive  odors 
have  been  reported  during  many  investigations  (Illinois  Department  of 
Conservation,  1964;  Lake  County  Health  Department,  1962;  and  U.  S.  Pub¬ 
lic  Health  Service,  1963). 

Existing  physical  and  chemical  water  quality  characteristics  in  the 
Fox  Chain  of  Lakes  are  presented  in  this  report.  Biological  character¬ 
istics  with  particular  emphasis  on  phytoplankton  are  reported  elsewhere 
(Lin  et  al .  )  . 


MATERIALS  AND  METHODS 


In  order  to  assess  the  physical,  chemical,  and  biological  charac¬ 
teristics  of  the  lake  system,  field  trips  were  undertaken  to  make  in 
situ  observations  of  temperature,  dissolved  oxygen,  and  secchi  disc 
readings  and  to  obtain  water  samples  for  chemical  and  biological  eval¬ 
uations.  Biweekly  trips  were  made  during  the  period  May  19,  1975,  to 
July  14,  1975,  and  thereafter  weekly  trips  were  made  until  October  20, 
19  75. 


Fourteen  lake  stations  were  established  for  water  sampling  and  in 
situ  observations  (Figure  1).  These  sampling  sites  were  selected  at 
the  deepest  part  of  each  of  the  lakes.  In  waters  with  depths  greater 
than  9.1  meters,  as  in  the  case  of  Lakes  Catherine,  Channel,  Marie 
(west  basin),  and  Pistakee  Bay,  water  samples  were  obtained  at  three 
different  depths  --  at  the  surface,  mid-depth,  and  0.3  meter  from  the 
bottom,  here  designated  as  the  deep  sample.  In  the  lakes  with  maxi¬ 
mum  depths  in  the  range  of  4.6  to  9.1  meters,  water  samples  were  ob¬ 
tained  from  surface  and  deep  locations.  In  all  other  cases,  only  wa¬ 
ter  samples  from  the  surface  were  collected. 
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FIGURE  1. — Fox  Chain  of  Lakes  shewing  sampling  locations . 
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For  measuring  the  secchi  disc  transparencies,  a  20-centimeter  di¬ 
ameter  secchi  disc  with  black  and  white  quadrant  markings  attached  to 
a  calibrated  line  was  used.  The  disc  was  lowered  until  it  disappeared 
from  view  and  the  depth  of  immersion  of  the  disc  was  noted.  The  disc 
was  lowered  farther  and  then  raised  slowly  until  it  reappeared.  The 
depth  of  immersion  was  noted.  The  average  of  these  two  observations 
was  recorded  as  the  secchi  disc  reading. 

In  situ  dissolved  oxygen  and  temperature  measurements  were  made 
with  a  galvanic  cell  oxygen  analyzer  equipped  with  a  thermister.  An 
oxygen  meter.  Yellow  Spring  Instrument  Company  model  54,  with  a  15.24- 
meter  probe  lead  was  used  for  this  purpose.  At  the  beginning  of  each 
day’s  field  survey,  the  probe  was  standardized  in  lake  surface  water 
in  which  the  dissolved  oxygen  content  was  determined  by  a  modified 
Winkler  Method  as  outlined  by  the  American  Public  Health  Association 
(1971).  Temperature  and  dissolved  oxygen  measurements  were  obtained 
at  0.61 -meter  intervals  commencing  from  the  surface  of  the  lake.  Ob¬ 
servations  were  made  at  0.3-meter  intervals  in  the  zone  of  the  thermo- 
cline  of  deep  lakes  and  in  the  lakes  less  than  4.6  meters  deep. 

Water  samples  for  chemical  analyses  were  collected  at  required 
depths  in  plastic  bottles,  stored  on  ice  until  transported  to  the 
laboratory,  and  refrigerated  until  chemical  analyses  were  performed. 

For  ammonia  determinations,  50  milliliters  of  water  samples  were  fil¬ 
tered  through  type  HA  0.45  ym  millipore  filters,  37  millimeters  in 
diameter.  The  filters  were  placed  over  filter  pads  which  were  held 
between  two-piece  circular  holders.  A  set  of  eight  such  holders  were 
held  in  a  wooden  frame  designed  and  fabricated  at  the  Water  Survey 
laboratory.  Positive  pressure  for  filtering  the  samples  was  provided 
by  a  syringe  to  force  the  sample  through  the  filters.  The  filtrates 
were  collected  in  small  plastic  bottles.  Micropore  filtration  elim¬ 
inates  any  bacterial  activity  which  could  alter  the  ammonia  concen¬ 
tration  in  the  collected  samples.  Laboratory  tests  extending  over 
a  period  of  4  weeks  indicated  that  the  ammonia  concentrations  remained 
stable  in  the  filtered  samples.  This  method  of  sample  preservation  is 
considered  superior  to  acidification  or  other  chemical  additives. 

Water  samples,  for  chemical  analyses  representative  of  the  desired 
depths  of  the  water  column,  were  obtained  with  a  Kemmerer  water  sampler 

In  addition  to  collecting  water  samples  and  making  in  situ  measure 
ments  of  temperatures  and  dissolved  oxygen  concentrations  in  the  Fox 
Chain  of  Lakes,  measurements  and  sample  collections  were  made  in  Cedar 
Lake.  This  lake  is  located  about  6.44  kilometers  east  of  the  Fox  Chain 
It  has  been  classified  as  a  mesotrophic  lake  in  the  National  Eutrophi¬ 
cation  Survey  (U.  S.  Environmental  Protection  Agency,  1975).  A  com¬ 
parison  of  the  limnological  characteristics  of  Cedar  Lake  with  those  of 
Fox  Chain  of  Lakes  was  thought  desirable.  Cedar  Lake  was  visited  on  a 
biweekly  basis  from  July  14  to  October  20,  1975.  The  depth  at  the  sam¬ 
pling  site  was  12.8  meters.  In  situ  measurements  of  temperature,  dis¬ 
solved  oxygen,  and  secchi  disc  readings  were  made,  and  water  samples 
were  collected  from  surface,  mid-depth,  and  deep  water  strata. 
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TABLE  1.  Analytical  Procedures 


Turbidity 


PH 


Alkalinity 

Hardness 

Nitrate-N 

Kjeldahl-N 

Ammon ium-N 
Total  silica 
Total  iron 
Chloride 
Sulfate 

Total  dissolved  solids 
Total  phosphorus 


Dissolved  orthophosphorus 


Nephelometric  method,  using 
Turner  Fluorometer,  Model  110; 
Formazin  was  used  as  a  standard 
Glass  electrode  method  using 
Leeds  and  Northrup  7401  and  later 
Beckman  4500 
Potentiometric  method 
EDTA  titrimetric  method 
Chromatropic  method  (West,  1966) 
Kjeldahl  digestion  and  ammonium 
determined  by  phenate  method 
Phenate  method 
Molybdosilicate  method 
Phenonthroline  method 
Argentometric  method 
Turbidimetric  method 
Residue  on  filtration  and  evapo¬ 
ration  at  103  to  105°C 
Sample  was  digested  with  sulfuric- 
nitric  acids  mixture  and  determined 
by  ascorbic  acid  method 
Ascorbic  acid  method  after  filtra¬ 
tion  through  0.45  ym  filter  paper 


Note:  Unless  otherwise  stated  all  the  methods  used  were  according 
to  Standard  Methods  (American  Public  Health  Association, 
1971) 


The  following  physical  and  chemical  determinations  were  made  on 
water  samples  in  the  laboratory:  turbidity,  pH,  alkalinity,  hardness, 
nitrate-nitrogen,  Kjeldahl  nitrogen,  ammonia-nitrogen,  total  silica, 
total  iron,  chloride,  sulfate,  total  solids,  dissolved  solids,  sus¬ 
pended  solids,  total  phosphorus,  and  dissolved  orthophosphorus.  The 
methods  and  procedures  involved  in  these  determinations  are  shown  in 
Table  1. 


PHYSICAL  CHARACTERISTICS 


Temperature  and  Dissolved  Oxygen 

Lakes  in  the  temperate  zone  generally  undergo  seasonal  variations 
in  temperature  through  the  water  column  (Kothandaraman  and  Evans,  1970). 
These  variations,  with  their  accompanying  phenomena,  are  perhaps  the 
most  influential  controlling  factors  within  the  lakes. 

Figure  2  shows  the  isothermal  plots  for  Lake  Catherine  which  is 
typical  of  the  deep  lakes  in  the  Chain.  At  the  time  of  the  first  ob¬ 
servation  for  temperature  profiles,  on  May  19,  1975,  the  deep  lakes  in 
the  Fox  Chain  had  already  begun  to  stratify.  The  lake  surface  water 
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FIGURE  2. — Isothermal  plots  for  Lake  Catherine. 


temperatures  in  the  Fox  Chain  increased  gradually  reaching  a  maximum  of 
about  29°C  on  August  4,  1975,  and  decreased  gradually  from  then  on.  In 
all  of  the  lakes,  the  depth  of  the  epilimnetic  zone  at  the  time  of  peak 
stratification  was  found  to  be  confined  to  the  upper  4.6  meters. 

The  deep  water  temperatures  in  the  lakes  varied  depending  on  the 
depth  of  the  lakes.  For  instance,  in  Lake  Catherine  and  Cedar  Lake, 
which  are  the  two  deepest  of  all  the  lakes  investigated,  the  water 
strata  adjacent  to  the  bottom  ranged  from  9  to  11°C  during  the  period 
of  summer  stagnation.  Deep  strata  water  temperatures  in  shallower 
lakes  were  higher.  Likewise,  the  deepest  lakes  destratified  later 
than  the  shallow  ones.  Lake  Catherine  and  Cedar  Lake  destratified  in 
late  September,  whereas  in  Channel  Lake,  Lake  Marie  (west  basin),  and 
Bluff  Lake  the  fall  circulation  occurred  in  the  early  part  of  September. 
This  group  of  lakes  has  a  maximum  depth  of  about  9.2  meters.  The  phe¬ 
nomenon  of  thermal  stratification  was  not  pronounced  in  Lake  Marie  (east 
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FIGURE  3. — Temperature  and  dissolved  oxygen  profiles 

in  Fox  Lake  (main  body). 

basin)  nor  in  Petite  Lake  where  the  maximum  depths  are  only  about  6.1 
meters.  In  these  two  lakes  only,  a  temperature  gradient  existed  from 
top  to  bottom  without  any  well-defined  thermal  stratification. 

Figure  3  shows  the  temperature  and  dissolved  oxygen  profiles  in 
Fox  Lake,  typical  of  shallow  lakes  with  depths  less  than  3.7  meters. 

The  temperature  profiles  are  plotted  for  five  different  dates.  The 
surface  water  temperatures  reached  a  maximum  of  about  29°C  on  August 
4.  Because  the  lakes  are  shallow,  they  are  completely  mixed,  both 
by  wind  action  and  by  the  intense  boating  activities  in  these  lakes. 
Thermal  gradients  in  these  lakes  are  very  insignificant. 

On  the  basis  of  the  data  collected  in  the  Fox  Chain  of  Lakes,  it 
can  be  concluded  that  the  upper  deep  lakes  in  the  Chain  stratify  ther¬ 
mally  and,  at  the  period  of  peak  stagnation,  the  epilimnetic  zone  is 
only  4.6  meters  deep.  In  the  lakes  with  maximum  observed  depths  of 
about  6.1  meters,  no  well-defined  stratification  existed.  However, 
a  perceptible  degree  of  temperature  gradient  existed.  In  shallow  lakes 
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FIGURE  4. — Isopleths  of  dissolved  oxygen  in  Lake  Catherine . 


with  depths  less  than  4.6  meters,  the  entire  water  mass  was  thermally 
uniform. 

It  is  common  knowledge  that  the  impoundment  of  water,  natural  or 
man-made,  alters  its  physical,  chemical,  and  biological  characteristics. 
The  literature  is  replete  with  detailed  reports  on  the  effects  of  im¬ 
poundments  on  various  water  quality  parameters.  The  physical  changes  in 
the  configuration  of  the  water  mass  following  impoundment  reduce  reaer¬ 
ation  rates  to  a  small  fraction  of  those  of  free  flowing  streams.  Where 
the  depth  of  impoundment  is  considerable,  the  thermal  stratification 
acts  as  an  effective  barrier  for  the  wind-induced  mixing  of  the  hypo- 
limnetic  zone.  The  oxygen  transfer  to  the  deep  waters  is  essentially 
confined  to  the  molecular  diffusion  transport  mechanism. 

The  isopleth  plots  of  dissolved  oxygen  for  Lake  Catherine  are  shown 
in  Figure  4.  At  the  beginning  of  the  field  investigation,  the  lake  wa¬ 
ters  were  anoxic  from  depths  of  approximately  9.1  to  12.2  meters.  As 
the  summer  stagnation  intensified,  the  anoxic  zone  of  hypolimnetic  wa¬ 
ters  increased  progressively  reaching  a  maximum  by  the  end  of  July.  The 
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TABLE  2.  Extent  of  Anoxic  Zones  in  Fox  Chain  of  Lakes 


Depth  to 
anoxic  zone 

Volume  of 

Percent 

from  surface 

anoxic  zone 

of  total 

Lake 

(meters) 

(million  cubic  meters) 

volume 

Catherine 

4.57 

1.21 

39.9 

Channel 

4.57 

1.69 

31.3 

Lake  Marie  (east  and  west 

4.57 

1.02 

17.4 

basin) 

Bluff 

4.57 

0.20 

17.1 

Pistakee  Bay 

3.05 

1.26 

41.6 

Cedar 

7.62 

extent  of  this  anaerobic  zone  started  diminishing  thereafter  and  the 
dissolved  oxygen  concentration  became  uniform  in  the  entire  water  col¬ 
umn  by  mid-October.  It  must  be  pointed  out  that  the  progression  of 
this  anoxic  zone  coincided  with  the  progression  of  the  thermal  strati¬ 
fication  in  the  lake.  At  the  time  of  peak  thermal  stratification,  a- 
bout  0.12  million  cubic  meters  or  40  percent  of  the  lake  volume  was 
devoid  of  oxygen.  At  that  time,  only  the  epi limnetic  zone,  about  4.6 
meters  deep,  had  acceptable  levels  of  dissolved  oxygen. 

Other  deep  lakes  in  the  Fox  Chain  of  Lakes  system  exhibited  sim¬ 
ilar  trends.  Even  though  no  well-developed  thermal  stratification  ex¬ 
isted  in  Petite  Lake,  isopleth  plots  of  dissolved  oxygen  for  this  lake 
indicate  that  there  were  periods  when  the  water  layers  adjacent  to  the 
lake  bottom  were  totally  devoid  of  oxygen.  Such  episodes  must  have  oc¬ 
curred  during  the  absence  of  wind-induced  mixing.  Also  in  Cedar  Lake, 
which  is  classified  as  a  mesotrophic  lake,  hypolimnetic  waters  from 
depths  below  7.6  meters  were  anaerobic.  All  the  deep  water  samples  col¬ 
lected  from  lakes  with  depths  of  9.1  meters  or  more,  with  the  exception 
of  Cedar  Lake,  had  a  strong  septic  odor  predominantly  that  of  hydrogen 
sulfide.  The  maximum  extent  of  the  anoxic  zones  in  these  lakes  is  shown 
in  Table  2. 

Dissolved  oxygen  profiles  for  Fox  Lake  are  also  shown  in  Figure  3. 
Even  though  the  lakes  are  thermally  uniform,  or  nearly  so,  during  the 
peak  summer  periods  the  oxygen  demands  exerted  by  the  lake  bottom  sed¬ 
iments  on  the  overlying  waters  appear  to  be  much  in  excess  of  the  oxy¬ 
gen  replenishment  from  the  atmosphere  and  algal  activity.  This  phe¬ 
nomenon  is  much  pronounced  in  all  the  shallow  lakes  from  mid-July  to 
mid-August,  when  the  observed  DO  concentrations  at  0.61  to  1.22  meters 
from  the  bottom  were  much  less  than  DO  concentrations  in  the  upper 
layers . 


Secchi  Disc  Observations 

Secchi  disc  visibility  is  a  measure  of  the  lake  water  transparency 
or  its  ability  to  allow  light  transmission. 


5.08r 


4.57 


4.57 


MAXIMUM 

;XvMwX 

MEAN; 

CO 

S- 

a> 

+-> 

<D 


oo 

rr 

o 

i — i 

f— 

c 

> 

cc 

LU 

OO 

CO 

o 

o 
oo 
>— < 
Q 


nr 

o 

o 

UJ 

oo 


0 


4.06 


3.56 


llj 

i — i 

or  ■: 


<c  ft 
<->  ft 

ft 

lu 

iZ  B 
«=C  B 


3.05 


2.54 


2.03 


1.52 


1.47 


1.02 


0.69 


LU 

iZ 

< 


<c 

or 

<_> 


MINIMUM 


2.64 


09i 


0.51 


-0.61 


LU 

iZ 

-< 


cc 

<c 

Q 

LU 

C_J 


2.21 


oo 

< 

CO 


oo 

c 


cc 

c 


1Z 

< 


0.91' 


0, 


0.08 


oo 

C 

CO 


oo 


cc 

c 


iz 

<c 


0.84 


LU 

iZ 


ro 

_u 

CO 


LU 

:Z 

c 


1.22 


&mm 


0.25 


0.30 


Q. 

1.07 


&H|0.56 


0.23 


>- 

<c 

CO 


o 

l— 

z 

>— 

oo 


iz 

<c 


X 

o 


>- 

Q 

o 

CO 


0.56 


■  •0.28; 


:z 

< 


X 

o 


0.41 


>- 

CO 

<c 

o 


LU 

iZ 

c 


X 

o 


iZ 

<c 


oo 

DC 

LU 

Q- 

O- 


>- 

<c 

co 


LU 

iZ 

«=c 

h- ' 

oo 

I— I 

Ol- 


1.85: 

■tn.i.rii 


0.53  0.53 


0.13  0.15  0.15 


jo"  25:  r6V'25l  |0 » 28; 

wnTr*!^  ftftftftftftftft' 


^jo.ii 


iZ 

<c 


iZ 

< 

I— 

oo 

I — I 

a_ 

0.46 


1.14 


:o.  66 

i  rrrrf 


0.36 


o 

oo 


iZ 

<c 


oo 

oo 

<C 

QC 

03 


CC 

o 


LU 

:Z 

< 


oo 

oo 

<c 

cc 

o 


1.14 


0.38 


0.43- 


,v.v.v.  .Q  9  C 

10.25* 


0.15 


0.15  0.15 


FIGURE  5. — Seoohi  diso  observations. 
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The  secchi  disc  observations  in  the  lakes,  the  maximum,  mini- 
and  mean  values,  are  shown  in  Figure  5.  The  maximum  of  all  the 


observations,  4.6  meters,  was  in  Lake  Catherine  on  June  3,  1975.  How¬ 
ever,  Cedar  Lake  which  is  mesotrophic,  exhibited  the  highest  mean  and 

Among  the  Fox  Chain  of  Lakes 


highest  minimum  values, 
had  the  highest  mean  transparency  value  of  1.5  meters 


Lake  Catherine 
The  shallow 
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lakes,  namely.  Fox,  Nippersink,  Pistakee,  and  Grass,  showed  an  average 
value  of  about  0.25  meter. 

Figure  5  reveals  that  the  secchi  disc  values  are  somewhat  related 
to  the  maximum  depth  in  these  lakes.  This  suggests  that  the  boating 
activities  and  the  wind  and  wave  actions,  which  could  stir  up  the  bot¬ 
tom  sediments  in  shallow  lakes,  affect  significantly  the  depth  of  light 
penetration.  Yousef  (1974),  assessing  the  effects  of  boating  activities 
on  water  quality  in  shallow  lakes  of  Florida,  has  documented  that  agita¬ 
tion  and  mixing  caused  by  motorboats  could  increase  the  turbidity  and 
average  particle  size  of  suspended  material  through  the  water  column. 


Turbidity 

High  turbidity  affects  the  aesthetic  quality  of  the  water.  Its 
origin  may  be  municipal  and  industrial  wastes,  clastic  materials  de¬ 
rived  from  a  drainage  basin,  soil  erosion  resulting  from  agricultural 
practices,  urban  and  highway  developments,  sediments  in  lakes  stirred 
by  wind,  wave,  and  high-speed  boating  activities  in  shallow  lakes,  de- 
trital  remains  of  aquatic  and  terrestrial  plants  and  animals,  and  algae. 

Temporal  variations  of  turbidity  in  two  of  the  lakes  investigated 
are  shown  in  Figures  6  and  7.  These  figures,  in  addition  to  turbidity, 
show  the  temporal  variations  of  all  of  the  chemical  parameters  evalu¬ 
ated.  Figures  6a,  6b,  and  6c  pertain  to  Lake  Catherine  surface,  mid¬ 
depth,  and  deep  water  samples,  respectively.  These  are  typical  of 
the  deep  lakes  in  the  Fox  Chain.  Figure  7  shows  the  temporal  varia¬ 
tions  of  the  parameters  in  Fox  Lake  (main  body)  which  is  typical  of 
the  shallow  lakes. 

The  turbidity  of  surface  and  mid-depth  samples  of  deeper  lakes  had 
relatively  low  values  ranging  from  2  to  12  FTU.  The  deep  water  samples 
in  the  Chain  of  Lakes  exhibited  high  turbidity.  It  was  most  likely  due 
to  the  active  decomposition  of  the  bottom  sediments.  The  turbidity  of 
deep  water  samples  in  Cedar  Lake  was  relatively  low,  because  of  the  low 
productivity  of  that  lake. 

The  surface  turbidities  in  the  shallow  lakes,  Fox,  Nippersink, 
Pistakee,  and  Grass,  were  much  higher  than  surface  turbidities  of 
deeper  lakes.  This  must  be  primarily  due  to  the  resuspension  of  bot¬ 
tom  sediments  in  the  shallow  lakes.  Grass  Lake,  throughout  the  period 
of  this  investigation,  exhibited  a  brownish  color  akin  to  soil  and 
humus.  The  other  shallow  lakes  reflected  a  greenish  hue  during  periods 
of  algal  bloom. 


249 


300 


5 - 1 - 1 - 1 - r 

AMMONIA-N ,  mg/1 


0  i==t==— J — ----- - U 


MAY  JUN  JUL  AUG  SEP  OCT 


1975  1975 

FIGURE  6a. — Temporal  variations  in  water  quality  characteristics 

in  Lake  Catherine  (surface). 


CHEMICAL  CHARACTERISTICS 


pH 


It  is  generally  considered  that  pH  values  above  8.0  in  natural  wa¬ 
ters  are  produced  by  a  photosynthetic  rate  that  demands  more  carbon  di¬ 
oxide  than  the  quantities  furnished  by  respiration  and  decomposition 
(Mackenthum,  1969) .  Decomposition  and  respiration  tend  to  reduce  pH 
and  increase  bicarbonates,  whereas  the  tendency  of  photosynthesis  is  to 
raise  pH  and  reduce  bicarbonates. 

As  seen  from  Table  3,  the  pH  values  of  lake  surface  water  samples 
were  never  less  than  8.0  and  they  generally  fluctuated,  with  very  few 
exceptions,  in  the  range  of  8.0  to  9.0.  This  is  indicative  of  active 
photosynthesis  in  which  carbon  dioxide  is  utilized  from  the  bicarbonate 
alkalinity.  Bottom  sediments  mixed  with  marl,  of  biological  origin, 
were  found  extensively  in  the  lake  system. 
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FIGURE  6b. — Temporal  variations  in  water  quality  characteristics 

in  Lake  Catherine  (mid-depth) . 


During  the  periods  of  thermal  stagnation  in  the  deep  lakes,  deep 
water  samples  had  pH  values  less  than  8.0  generally  when  the  bottom 
sediments  were  undergoing  anaerobic  decomposition  (Figure  6c) .  The  pH 
values  of  these  waters  appear  to  increase  when  the  lakes  experience 
fall  overturn. 


Alkalinity  and  Hardness 

These  factors  are  governed  to  a  large  extent  by  the  geochemistry 
of  the  watershed  of  the  lakes.  The  lakes  of  the  Fox  Chain  are  typical 
of  midwestem  lakes,  high  in  alkalinity  and  hardness.  Alkalinity  of 
the  surface  water  samples  in  the  Fox  Chain  of  Lakes  ranged  from  a  low 
of  155  mg/1  to  a  high  of  274  mg/1.  The  mean  alkalinity  values  for  sur¬ 
face  samples  exhibit  a  spatial  variation  among  the  lakes.  In  the  upper 
lakes  of  the  Chain  (Catherine,  Channel,  Marie,  Bluff,  and  Petite),  which 
are  deeper  than  the  rest,  the  mean  alkalinity  values  were  lower.  Also 
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FIGURE  6c. — Temporal  variations  in  water  quality  characteristics 

in  Lake  Catherine  (deep). 


in  these  lakes,  the  alkalinity  in  deep  water  samples  are  relatively 
higher  than  their  corresponding  surface  sample  values.  This  is  true 
also  in  the  case  of  Cedar  Lake,  which  most  of  the  time  had  the  lowest 
of  all  the  observed  values.  The  temporal  variations  of  alkalinity  in 
the  surface  samples  were  moderate.  Deep  water  sample  variations,  how¬ 
ever,  showed  a  noticeable  peak-and-valley  pattern. 

The  mean  hardness  values  of  surface  water  samples  of  the  deep  upper 
lakes  are  lower  than  those  of  the  shallower  lakes  in  the  Chain.  However, 
the  differences  between  the  surface,  mid-depth,  and  deep  values  are  in¬ 
significant.  The  hardness  of  Cedar  Lake  waters  is  considerably  less  than 
that  of  the  lakes  of  the  Fox  Chain.  Fluctuations  of  hardness  values  with 
time  are  much  more  pronounced  when  compared  with  the  variations  in  alka¬ 
linity. 
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FIGURE  7 . — Temporal  variations  in  water  quality  oharaoteristios 

in  Fox  Lake  (main  body). 
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Nitrogen 

Nitrogen  is  present  in  water  either  as  dissolved  organic  nitrogen, 
or  as  inorganic  nitrogen  such  as  ammonium,  nitrate  or  nitrite,  or  as 
elemental  nitrogen.  These  various  forms  cannot  be  used  to  the  same  ex¬ 
tent  by  different  groups  of  aquatic  plants  and  algae.  Nitrogen  is  one 
of  the  principal  elemental  constituents  of  amino  acids,  peptides,  pro¬ 
teins,  urea,  and  other  organic  matter. 

The  mean  nitrate  concentrations  in  all  the  lakes,  including  Cedar 
Lake,  and  at  all  the  depths  examined  were  similar.  The  temporal  var¬ 
iations  were  also  moderate.  With  one  or  two  exceptions,  the  ranges  of 
values  for  nitrate  observed  in  all  the  lakes  were  comparable. 
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TABLE  3.  Summary  of  Water  Quality  Characteristics  for  Fox  Chain  of  Lakes 

(Concentrations  in  milligrams  per  liter) 

Depth  at 
sampling 


point 

Turbidity  (FTU) 

pH 

Alkalinity 

(me  tens) 

Mean 

Range 

Range 

Mean 

Range 

Lake  Catherine 

Surface 

11.89 

5.4 

2.2-7. 7 

8.01-8. 72 

176 

155-270 

Mid- depth 

4.3 

1.4-7. 2 

8.04-8.59 

173 

160-192 

Deep 

12.5 

1. 7-43.0 

7.68-8.78 

203 

169-274 

Fox  (main) 

Surface 

2.19 

28.2 

20.0-44.0 

8.33-8.78 

199 

169-223 

Cedar 

Surface 

12.80 

1.8 

0.9-2. 6 

8.40-9.19 

113 

98-129 

Mid-depth 

2.1 

1.4-3. 2 

8.15-8. 79 

123 

118-133 

Deep 

4.1 

1.4-12.0 

7.57-8.69 

160 

125-196 

Depth  at 
sampling 


point 

Ammonia-N 

Total 

silica 

Total 

iron 

(meters) 

Mean 

Range 

Mean 

Range 

Mean 

Range 

Lake  Catherine 

Surface 

11. 89 

0.15 

0.01-0.39 

2.23 

0. 80-3. 76 

0.11 

0.03-0.30 

Mid- depth 

0.25 

0.01-0.67 

1.76 

0.40-3.66 

0.15 

0.04-0.37 

Deep 

2.12 

0.20-7.50 

2.61 

0.62-4.71 

0.54 

0.05-4.03 

Fox  (main) 

Surface 

2.19 

0.12 

0.02-0.33 

3.48 

0.00-8.67 

0.95 

0.31-4.01 

Cedar 

Surface 

12. 80 

0.08 

0.02-0.14 

1.90 

0.81-6.65 

0.07 

0.00-0. 15 

Mid-depth 

0.06 

0.02-0. 11 

1.62 

0.43-5.88 

0.06 

0.00-0.09 

Deep 

Depth  at 
sampling 

0.96 

0.01-1.94 

2.59 

0.00-3.47 

0.60 

0.06-1.70 

point 

Dissolved  solids 

Suspended  solids 

(meters) 

Mean 

Range 

Mean 

Range 

Lake  Catherine 

Surface 

11. 89 

307 

264-370 

16 

0-70 

Mid- depth 

311 

278-384 

14 

0-62 

Deep 

322 

268-376 

47 

1-202 

Fox  (main) 

Surface 

2.19 

364 

316-414 

53 

2-105 

Cedar 

Surface 

12.80 

212 

184-242 

4 

1-16 

Mid-depth 

229 

210-272 

3 

0-12 

Deep 

242 

210-294 

15 

2-34 

(Concluded  on  next  page) 


254 


TABLE  3.  Concluded 

(Concentrations  in  milligrams  per  liter) 


Depth  at 
sampling 

point  Hardness 


(meters) 

Mean 

Range 

Lake  Catherine 

Surface 

11.89 

231 

170-285 

Mid-depth 

228 

200-244 

Deep 

242 

215-278 

Fox  (main) 

Surface 

2.19 

269 

196-332 

Cedar 

Surface 

12.80 

180 

156-224 

Mid- depth 

177 

156-198 

Deep 

Depth  at 
sampling 

209 

158-325 

point 

Chloride 

(meters) 

Mean 

l  Range 

Lake  Catherine 

Surface 

11.89 

28 

24-35 

Mid-depth 

25 

14-28 

Deep 

25 

12-29 

Fox  (main) 

Surface 

2.19 

35 

30-39 

Cedar 

Surface 

12.80 

29 

25-45 

Mid-depth 

27 

25-28 

Deep 

26 

24-28 

Nitrate-N  Kjeldahl-N 


Mean 

Range 

Mean 

Range 

0.13 

0.07-0.26 

1.62 

0.61-2.97 

0. 13 

0.06-0.25 

1.91 

0. 85-3.37 

0.12 

0.06-0.19 

3.81 

1. 35-4.57 

0.16 

0.12-0.23 

2. 30 

1.27-4.20 

0.10 

0.05-0.13 

1.60 

0.88-2.78 

0.13 

0.07-0.21 

1.03 

0.28-2. 36 

0.12 

0.07-0.21 

2.46 

0.96-3. 81 

Sulfate  Total  solids 


Mean 

Range 

Mean 

Range 

32 

29-36 

322 

268-374 

33 

27-40 

321 

214-387 

26 

8-36 

367 

290-502 

48 

42-55 

415 

372-519 

23 

20-27 

216 

185-243 

22 

18-27 

232 

210-272 

11 

2-24 
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212-303 

Depth  at 
sampling 
point 

Total 

phosphorus 

Diss . 

orthophosphorus 

(me ters) 

Mean 

Range 

Mean 

Range 

Lake  Catherine 

Surface 

11. 89 

0.12 

0.05-0.60 

0.03 

0.00-0.09 

Mid-depth 

0.08 

0.01-0.15 

0.05 

0.00-0.11 

Deep 

0.51 

0.01-1.44 

0.39 

0.00-0.90 

Fox  (main) 

Surface 

2.19 

0.28 

0. 12-0.38 

0.08 

0.01-0.24 

Cedar 

Surface 

12.80 

0.05 

0.00-0.13 

0.00 

0.00-0.01 

Mid-depth 

0.04 

0.00-0.07 

0.01 

0.00-0.05 

Deep 

0.12 

0.00-0.30 

0.03 

0.00-0. 14 
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In  the  case  of  deep  lakes,  the  Kjeldahl  nitrogen  concentrations  at 
surface  and  mid-depth  were  comparable  to  those  of  shallow  lake  surface 
water  samples.  However,  the  concentrations  in  deep  water  samples  were 
nearly  two  to  three  times  those  observed  for  the  surface.  Increase  in 
ammonia  concentrations  in  the  deep  water  zones,  because  of  anaerobic 
decomposition  of  settled  organic  matter,  accounts  for  most  of  the  in¬ 
crease  in  the  Kjeldahl  nitrogen  concentrations  reported  here.  The 
temporal  variations  of  ammonia  and  Kjeldahl  nitrogen  indicate  that 
these  values  are  much  higher  in  deeper  zones  of  the  lake.  The  ammonia 
and  organic  nitrogen  concentrations  in  deep  water  samples  increased 
during  the  period  of  lake  stagnation  but  dropped  significantly  as  soon 
as  the  fall  overturn  occurred.  The  values  of  ammonia  and  Kjeldahl  ni¬ 
trogen  in  the  surface  samples  of  Cedar  Lake  were  comparable  to  those  of 
the  deep  lakes,  namely,  Catherine,  Channel,  and  Marie,  and  Pistakee  Bay. 
However,  the  values  for  the  deep  water  samples  in  Cedar  Lake  were  signif¬ 
icantly  less  when  compared  with  the  values  for  the  deep  lakes  of  the 
Chain.  This  is  probably  indicative  of  the  extent  of  organic  silt  ac¬ 
cumulation  and  subsequent  decomposition  in  these  lakes. 


Silica 

The  shallow  lakes  with  the  exception  of  Grass  Lake  showed  higher 
silica  concentrations  than  did  the  deeper  lakes.  The  higher  concentra¬ 
tions  are  probably  associated  with  higher  suspended  solids  and  turbid¬ 
ity  in  these  lakes.  A  high  degree  of  association  among  these  parameters 
has  been  reported  in  the  past.  The  predominant  algal  species  in  Grass 
Lake  were  diatoms,  constituting  about  75  percent  of  the  algal  popula¬ 
tion.  This  could  account  for  the  lower  values  for  silica  in  Grass  Lake 
compared  with  the  other  shallow  lakes  in  the  system.  The  temporal  var¬ 
iations  of  silica  for  deep  waters  suggest  that  this  nutrient  is  re¬ 
leased  from  the  mud-water  interface  to  the  overyling  waters  during  the 
periods  of  lake  stagnation. 

Iron 


The  surface  sample  iron  concentrations  in  deep  lakes  were  much  lower 
than  those  in  the  shallow  lakes.  The  higher  concentration  of  iron  in 
shallow  lakes  is  probably  associated  with  increased  turbidity  and  sus¬ 
pended  matter.  Concentrations  in  Grass  Lake  are  also  high  and  compar¬ 
able  to  other  shallow  lakes.  Iron  concentrations  are  significantly 
higher  in  the  deep  waters  of  the  lakes.  The  mean  and  range  of  values 
observed  for  iron  in  three  of  the  lakes  are  shown  in  Table  3. 


Chloride 

Chlorides  are  found  in  practically  all  natural  waters.  Chloride 
is  a  conservative  element  and  is  not  directly  involved  in  any  of  the 
physical  or  biological  processes  occurring  in  natural  water  bodies. 
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The  mean  and  range  of  values  for  chloride  are  shown  in  Table  3. 
Except  for  a  few  abrupt  fluctuations  in  chloride  values,  temporal 
variations  appear  to  be  insignificant.  The  chloride  values  observed 
in  the  Fox  Chain  of  Lakes  are  comparable  to  the  values  found  in  Lake 
Evergreen  (Kothandaraman  and  Evans,  1975)  and  in  Lake  Bloomington, 
both  situated  in  central  Illinois. 


Sulfate 

Sulfates  occur  naturally  in  water  as  a  result  of  leaching  gypsum, 
pyrite  bearing  strata,  and  other  common  minerals.  Apart  from  the  fact 
that  sulfate  exerts  a  cathartic  effect  on  transient  users,  recommended 
limits  on  sulfate  do  not  appear  to  be  based  on  taste  or  physiological 
effects . 

With  the  exception  of  Lake  Catherine  and  Channel  Lake,  the  mean 
sulfate  concentrations  of  surface  and  mid-depth  water  samples  com¬ 
parable  and  fell  within  the  narrow  range  of  43  to  50  mg/1.  Sul¬ 
fate  concentrations  in  these  two  lakes  were  much  lower.  Cedar  Lake 
exhibited  the  lowest  of  all  values  observed.  Sulfate  concentrations 
in  the  deep  water  zones  were  much  lower  than  in  the  surface  or  mid¬ 
depth  water  samples  because  of  the  anaerobic  reduction  of  sulfate 
to  hydrogen  sulfide  as  evidenced  by  the  strong  septic  odor  noted  dur¬ 
ing  the  sampling  of  the  deep  water  zones.  The  temporal  variations  of 
sulfate  are  relatively  small  in  surface  and  mid-depth  waters.  There 
is  a  reduction  and  greater  fluctuation  of  sulfate  in  the  deep  waters. 


Total  Solids,  Total  Dissolved  Solids, 
and  Suspended  Solids 

Total  solids,  as  presented  here,  include  total  dissolved  solids  and 
suspended  solids.  In  natural  waters,  the  dissolved  solids  consist  main¬ 
ly  of  carbonates,  bicarbonates,  sulfates,  chlorides,  phosphates  and  ni¬ 
trates  of  calcium,  magnesium,  sodium,  and  potassium  with  traces  of  iron, 
manganese,  and  other  substances.  The  constituent  composition  of  these 
minerals  are  to  a  large  extent  dependent  on  the  geochemistry  of  the  area 
contributing  to  the  surface  or  groundwater  resource.  The  amount  of  sus¬ 
pended  solids  found  in  impounded  waters  is  small  compared  with  the  a- 
mount  found  in  streams  because  solids  tend  to  settle  to  the  bottom  in 
lakes.  However,  this  aspect  is  greatly  modified  in  shallow  lakes  by 
wind  and  wave  actions  and  by  the  type  and  intensity  of  use  to  which 
these  lakes  are  subjected. 

All  of  the  lakes  in  the  Fox  Chain  except  Catherine  and  Channel  ex¬ 
hibited  similar  values  of  solids  concentrations.  Catherine  and  Channel 
exhibited  values  next  in  order  of  magnitude.  Cedar  Lake  had  the  lowest 
solids  concentrations  of  all.  The  total  dissolved  solids  and  suspended 
solids  concentrations  in  deep  waters  were  relatively  higher  than  the  re¬ 
spective  values  for  mid-depth  and  surface  water  samples.  This  is  essen¬ 
tially  due  to  the  solubilization  and  release  to  overlying  waters  of  set¬ 
tled  decomposing  organic  matter.  The  increased  suspended  matter  in  the 


deep  water  samples  is  most  likely  caused  by  the  dislodging  of  the  sed¬ 
iments  by  the  evolving  gaseous  by-products  of  anaerobic  decomposition. 


Phosphorus 

Phosphorus  is  an  active  element  which  does  not  occur  free  in  nature 
It  is  found  in  the  form  of  phosphates  in  several  minerals  and  it  is  a 
constituent  of  fertile  soils,  plants,  protoplasm,  and  tissues  and  bones 
of  animal  life.  It  is  an  essential  nutrient  for  plant  and  animal  growth 
and  like  nitrogen,  it  passes  through  cycles  of  photosynthesis  and  de¬ 
composition.  Phosphorus  plays  a  vital  role  in  the  energy  transfers  dur¬ 
ing  cell  metabolism.  The  most  important  form  of  phosphorus  for  plant 
nutrition  is  ionized  phosphate. 

Sawyer  (1952),  from  his  experimental  work  with  Wisconsin  lakes, 
concluded  that  aquatic  blooms  are  likely  to  develop  in  lakes  during 
summer  months  when  concentrations  of  inorganic  nitrogen  and  inorganic 
phosphorus  are  in  excess  of  0.3  mg/1  and  0.01  mg/1,  respectively.  These 
critical  levels  for  nitrogen  and  phosphorus  concentrations  have  been  ac¬ 
cepted  and  widely  quoted  in  scientific  literature.  Numerous  published 
reports  indicate  that  productivity  is  largely  determined  by  two  factors, 
i.e.,  phosphorus  and  nitrogen.  Phosphorus  is  predominant  over  nitrogen 
as  a  limiting  factor. 

The  mean  and  range  of  values  for  phosphorus  concentrations  in  the 
Fox  Chain  of  Lakes  and  Cedar  Lake  are  shown  in  Table  3.  From  the  data 
presented,  it  is  seen  that  the  mean  dissolved  orthophosphorus  concentra¬ 
tions  in  Cedar  Lake  are  much  less  than  the  values  observed  in  the  Fox 
Chain  of  Lakes.  Characteristically,  the  dissolved  orthophosphorus  con¬ 
centrations  in  the  deep  water  zones  were  found  to  be  several  orders  of 
magnitude  higher  than  the  values  determined  for  surface  and  mid-depth 
water  samples  in  these  lakes.  This  was  true  in  the  case  of  Cedar  Lake 
also.  However,  a  comparison  of  the  mean  dissolved  orthophosphorus  con¬ 
centrations  in  the  deep  water  samples  indicates  that  concentrations  in 
the  Fox  Chain  of  Lakes  are  10  to  25  times  the  value  observed  for  Cedar 
Lake.  The  mean  orthophosphorus  concentrations  in  the  surface  and  mid¬ 
depth  samples  were  0.00  and  0.01  milligrams  per  liter,  respectively. 

The  orthophosphorus  concentrations  in  the  surface  and  mid- depth  sam¬ 
ples  in  the  Fox  Chain  of  Lakes  were  higher  than  the  critical  levels 
of  phosphorus  concentration  suggested  \>y  Sawyer  (1952).  The  ortho¬ 
phosphorus  concentrations  observed  in  deep  zones  of  the  Fox  Lakes 
were  about  40  to  75  times  higher  than  the  critical  level. 

Considering  the  phosphorus  concentrations,  and  the  algal  densities 
observed  in  the  Fox  Chain  of  Lakes  and  Cedar  Lake,  it  can  be  concluded 
that  phosphorus  is  the  key  element  in  the  eutrophic  condition  of  the 
Fox  Chain  of  Lakes.  The  nitrate-nitrogen  concentrations  in  all  of  the 
lakes  including  the  deep  water  zones  were  comparable.  Ammonia  concen¬ 
trations  were  higher  in  the  hypolimnetic  zones  of  the  deep  lakes.  Phos¬ 
phorus  appears  to  be  the  most  critical  of  the  two  nutrients. 


fishing,  lowering  of  property  values,  cancellation  of  resort  trade,  and 
impairment  of  the  picturesque  beauty  of  the  Chain.  This  report  presents 
an  assessment  of  the  physical  and  chemical  water  quality  characteristics 
of  the  tributaries  and  their  impact  on  the  Chain.  A  comparison  of  the 
water  quality  of  the  tributaries  with  the  stream  standards  adopted  by  the 
Illinois  Pollution  Control  Board  (1972),  where  applicable,  is  also  pre¬ 
sented. 

The  main  inflow  into  the  lake  system  is  the  Fox  River.  Other  trib¬ 
utaries  of  importance  are  the  Sequoit,  Nippersink,  and  Squaw  Creeks, 
and  Lily  Lake  Drain.  Figure  1  shows  the  Fox  Chain  of  Lakes  and  the 
tributaries.  Watershed  areas  of  these  tributaries  are  given  in  Table  1. 
Approximately  75  percent  of  the  Fox  River  watershed  upstream  of  the  Fox 
Chain  lies  in  the  state  of  Wisconsin.  Figure  1  also  shows  the  waste- 
water  treatment  plant  discharges  to  these  tributaries  within  Illinois. 
Table  2  outlines  the  details  of  the  location,  nature  of  treatment,  and 
the  receiving  stream  for  these  point  source  wastewater  discharges. 


MATERIALS  AND  METHODS 


In  order  to  assess  the  water  quality  characteristics,  and  to  esti¬ 
mate  the  nutrient  loads  transported  by  the  Fox  River  and  other  tribu¬ 
taries  to  the  Fox  Chain  of  Lakes,  weekly  water  samples  were  obtained 
at  six  locations  beginning  December  4,  1974,  and  ending  on  November  26, 
1975.  Water  samples  collected  from  the  Fox  River  at  the  Illinois  Route 
173  site,  represented  the  water  quality  characteristics  of  the  river 
entering  the  lake  system,  and  the  samples  collected  at  Johnsburg 
represented  the  quality  of  water  leaving  the  lake  system.  The  tributary 
sampling  sites  are  shown  in  Figure  1. 

Water  samples  were  collected  in  plastic  lined  bottles  and  trans¬ 
ported  to  the  laboratory  through  United  Parcel  Service.  Upon  receipt, 
they  were  kept  refrigerated  until  all  of  the  chemical  analyses  were 
completed.  Observations  were  made  for  temperature  and  dissolved  oxygen 
concentrations  at  the  time  of  sample  collection. 

The  daily  flow  values  for  the  Fox  River  at  Wilmot  (about  2  miles 
upstream  of  the  Illinois  Route  173  sampling  site)  and  for  Nippersink 
Creek  were  obtained  from  U.  S.  Geological  Survey  water  resources  data. 
Temporary  wire-weight  gages  were  installed  on  Sequoit  Creek,  Squaw 
Creek,  and  Lily  Lake  Drain.  Daily  stage  observations  were  recorded 
for  these  creeks  and  daily  average  flows  were  estimated  from  stage- 
discharge  relationships  developed  by  the  U.  S.  Geological  Survey  for 
these  streams.  The  average  daily  flow  values  for  the  Fox  River  at 
Johnsburg  were  estimated  from  the  flow  data  developed  for  the  Fox  River 
at  McHenry  Dam  by  the  Illinois  Department  of  Transportation.  The  flow 
at  Johnsburg  was  reduced  in  proportion  to  the  watershed  areas  of  the 
Fox  River  at  Johnsburg  and  McHenry. 
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FIGURE  1 .  —  Fox  Chain  of  Lakes  and  its  tributaries. 


Chemical  analyses  on  water  samples  were  performed  to  determine 
turbidity,  pH,  alkalinity,  hardness,  nitrate-N,  Kjeldahl-N,  ammonia-N, 
total  silica,  total  iron,  chloride,  sulfate,  total  solids,  total  dis¬ 
solved  solids,  suspended  solids,  total  phosphorus,  dissolved  ortho¬ 
phosphorus,  and  algal  growth  potential.  The  analyses  were  made  accord¬ 
ing  to  the  procedures  outlined  in  Table  3.  Results  of  determinations 
are  expressed  as  milligrams  per  liter  (mg/1)  except  in  the  case  of 
temperature,  turbidity,  and  pH.  Temperature  is  expressed  in  Celsius 
units,  turbidity  in  formazin  turbidity  units,  and  pH  is  dimensionless. 


WATER  QUALITY 


Temperature 

The  means  and  ranges  of  values  of  temperature  and  other  water  qual¬ 
ity  parameters  observed  over  a  period  of  a  year  for  the  Fox  River  at 
Illinois  Route  173,  Lily  Lake  Drain,  Nippersink  Creek,  Sequoit  Creek, 
Squaw  Creek,  and  the  Fox  River  at  Johnsburg  are  shown  in  Tables  4 
through  9.  The  observed  temperatures  in  the  streams  ranged  from  0°C 
in  winter  to  27.5°C  in  summer.  Because  there  are  no  industrial  ther¬ 
mal  discharges  to  any  of  the  tributaries,  the  variations  in  water 
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TABLE  1.  Watershed  Areas  of  Fox  River  and  Other  Tributaries 


Watershed  area 
(square  kilometers) 


Fox  River  at  Wilmot  2,248 

Fox  River  at  Johnsburg  3,067 

Fox  River  at  McHenry  3,245 

Lily  Lake  Drain  at  Lincoln  Road  12.3 

Nippersink  Creek  at  Spring  Grove  500 

Sequoit  Creek  at  Highview  Dri'  27.8 

Squaw  Creek  at  Rollins  Road  110 


TABLE  2.  Details  of  Point  Source  Wastewater  Discharges 


Wastewater 

Design 

treatment 

capacity 

Receiving 

plant 

(mgd) 

Type  of  treatment 

stream 

Hebron 

0.11 

Imhoff  tank  and  trickling 
filter  lagoons 

Nippersink  Cr. 

Richmond 

0.375 

Imhoff  tank,  4-stage  bio¬ 
disc,  and  chlorination 

Nippersink  Cr. 

Woodstock  (north  side) 

3.50 

Conventional  activated 
sludge,  phosphorus  re¬ 
moval,  chlorination 

Nippersink  Cr. 

Woodstock  Die  Casting  Co. 

pH  adjustment,  up flow 
clarification  using 
polyelectrolytes,  and 
dual  media  filtration 

Nippersink  Cr. 

Lake  Villa 

0.30 

Activated  sludge  and 
chlorination 

Eagle  Cr. - 
Squaw  Cr. 

Round  Lake  Sanitary  Dist. 

1.6 

Trickling  filter,  lagoons, 
and  chlorination 

Squa1;  Cr. 

Antioch 

1.0 

Activated  sludge,  mixed 
media  filtration,  and 
chlorination 

Sequoit  Cr. 

Fox  Lake 

0.72 

Trickling  filter  and 
chlorination 

Myers  Bay- 
Pistakee  Lake 

Note:  The  Hebron  Wastewater  Treatment  Plant  (owned  and  operated  by  the 
city  of  Hebron)  is  designed  to  handle  trade  wastes  from  a  meat¬ 
packing  operation  that  processes  200  head  of  cattle  per  day. 
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TABLE  3.  Analytical  Procedures 


Turbidity 


pH 


Alkalinity 

Hardness 

Nitrate-N 

Kjeldahl-N 

Ammon ium-N 
Total  silica 
Total  iron 
Chloride 
Sulfate 

Total  dissolved  solids 
Total  phosphorus 


Dissolved  orthophosphorus 


Nephelometric  method,  using 
Turner  Fluorometer,  Model  110; 
Formazin  was  used  as  a  standard 
Glass  electrode  method  using 
Leeds  and  Northrup  7401  and  later 
Beckman  4500 
Potentiometric  method 
EDTA  titrimetric  method 
Chromatropic  method  (West,  1966) 
Kjeldahl  digestion  and  ammonium 
determined  by  phenate  method 
Phenate  method 
Molybdosilicate  method 
Phenonthroline  method 
Argentometric  method 
Turbidimetric  method 
Residue  on  filtration  and  evapo¬ 
ration  at  103  to  105°C 
Sample  was  digested  with  sulfuric- 
nitric  acids  mixture  and  determined 
by  ascorbic  acid  method 
Ascorbic  acid  method  after  filtra¬ 
tion  through  0.45  ym  filter  paper 


Note:  Unless  otherwise  stated  all  the  methods  used  were  according 
to  Standard  Methods  (American  Public  Health  Association, 
1971) 


temperature  are  solely  due  to  natural  causes.  The  Illinois  Pollution 
Control  Board  stipulated  that  water  temperatures  in  general  should  not 
exceed  15.5°C  in  the  months  of  December  through  March  and  32.2°C  in  the 
months  of  April  through  November.  These  regulations  were  met  by  all 
the  streams  considered  here. 


Dissolved  Oxygen 

The  Illinois  Pollution  Control  Board  (1972)  mandates  that  the  DO 
in  the  state’s  waters  shall  not  be  less  than  6.0  mg/1  during  at  least 
16  hours  of  any  24-hour  period,  nor  less  than  5.0  mg/1  at  any  time. 

The  DO  concentrations  observed  in  the  Fox  River  upstream  of  the 
Fox  Chain  of  Lakes  were  never  less  than  5.0  mg/1.  The  DO  concentration 
in  the  Fox  River  at  Johnsburg  was  found  to  be  less  than  5.0  mg/1  only 
4  percent  of  the  time.  Lily  Lake  Drain,  which  drains  a  relatively 
small  area  of  12.30  square  kilometers  of  marshland,  showed  the  lowest 
oxygen  concentration  recorded.  The  lowest  observed  DO  concentration 
in  Sequoit  and  Squaw  Creeks  was  3.0  mg/1.  The  sampling  stations  on 
these  two  creeks  were  in  close  proximity  to  municipal  waste  treatment 
plants . 
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TABLE  4.  Water  Quality  Characteristics 

Fox  River 

at  Route  173 

(Concentrations  in 

mg/1) 

Number  of 

Parameters 

analyses 

Mean 

Range 

Temperature  (°C) 

51 

13.8 

0.0-27.0 

Dissolved  oxygen 

49 

10.9 

5.0-15.0 

Turbidity  (FTU) 

50 

10.7 

2.6-22.0 

pH 

52 

7.75-8.59 

Alkalinity 

52 

223 

120-286 

Hardness 

53 

305 

136-386 

Nitrate-N 

52 

1.17 

0.07-4.51 

Kjeldahl-N 

52 

1.27 

0.21-4.08 

Ammonia-N 

52 

0.22 

0.00-0.88 

Total  silica 

52 

5.46 

0.00-10.97 

Total  iron 

52 

0.92 

0.08-4.35 

Chloride 

53 

38 

21-55 

Sulfate 

53 

56 

38-89 

Total  solids 

52 

447 

294-527 

Total  dissolved  : 

solids  53 

408 

242-502 

Suspended  solids 

52 

38 

0-126 

Total  phosphorus 

53 

0.24 

0. 11-0.79 

Dissolved  orthophosphorus  53 

0.11 

0.00-0.30 

TABLE  5.  Water  Quality  Characteristics,  Lily 

Lake  Drain 

(Concentrations 

in  mg/1) 

Number  of 

Parameters 

analyses 

Mean 

Range 

Temperature  (°C) 

52 

12.8 

0.0-26.0 

Dissolved  oxygen 

51 

8.9 

2.0-15.0 

Turbidity  (FTU) 

50 

8.4 

2.3-20.0 

pH 

53 

7.93-8.62 

Alkalinity 

53 

257 

160-311 

Hardness 

53 

336 

136-447 

Nitrate-N 

52 

0.63 

0.06-2.70 

Kjeldahl-N 

52 

1.29 

0. 19-2.64 

Ammonia-N 

52 

0.43 

0.03-13.00 

Total  silica 

51 

6.67 

0.00-12. 36 

Total  iron 

52 

0.78 

0.18-5.96 

Chloride 

53 

12 

0-38 

Sulfate 

53 

61 

39-97 

Total  solids 

52 

443 

354-584 

Total  dissolved 

solids  53 

414 

292-510 

Suspended  solids 

52 

29 

0-182 

Total  phosphorus 

53 

0.10 

0.0-0.63 

Dissolved  orthophosphorus  53 

0.05 

0.0-0.51 
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TABLE  6.  Water  Quality  Characteristics,  Nippersink  Creek 


Parameters 

(Concentrations  in 

Number  of 
analyses 

mg/1) 

Mean 

Range 

Temperature  (°C) 

52 

12.9 

0.0-26.0 

Dissolved  oxygen 

49 

10.1 

5.0-15.0 

Turbidity  (FTU) 

50 

11.1 

2.3-54.0 

PH 

52 

7. 89-8. 70 

Alkalinity 

52 

234 

142-329 

Hardness 

53 

313 

136-457 

Nitrate-N 

52 

1.54 

0.16-2.91 

Kjeldahl-N 

52 

1.14 

0.31-3.59 

Ammonia-N 

52 

0.29 

0.02-2.46 

Total  silica 

52 

7.04 

0.0-13.20 

Total  iron 

51 

1.61 

0.22-23. 33 

Chloride 

53 

30 

17-62 

Sulfate 

53 

59 

36-87 

Total  solids 

51 

451 

342-626 

Total  dissolved  : 

solids  53 

409 

270-480 

Suspended  solids 

51 

43 

0-246 

Total  phosphorus 

53 

0.25 

0.0-1.78 

Dissolved  orthophosphorus  53 

0.16 

0.0-1.51 

TABLE  7.  Water  Quality  Characteristics, 

Sequoit  Creek 

Parameters 

(Concentrations 

Number  of 
analyses 

in  mg/1) 

Mean 

Range 

Temperature  (°C) 

51 

12.5 

0.0-25.0 

Dissolved  oxygen 

50 

8.2 

3.0-15.0 

Turbidity  (FTU) 

49 

15.9 

4.2-196.0 

pH 

53 

7.82-8.47 

Alkalinity 

53 

210 

138-349 

Hardness 

53 

261 

115-386 

Nitrate-N 

52 

1.03 

0.32-4.68 

Kjeldahl-N 

51 

3.46 

0.42-16. 70 

Ammonia-N 

52 

2.16 

0.05-11.10 

Total  silica 

51 

9.53 

0.00-20.90 

Total  iron 

51 

1.64 

0.07-27.08 

Chloride 

53 

60 

33-126 

Sulfate 

53 

71 

34-148 

Total  solids 

51 

488 

308-1092 

Total  dissolved 

solids  52 

442 

290-678 

Suspended  solids 

51 

49 

0-770 

Total  phosphorus 

52 

1.27 

0.25-3.06 

Dissolved  orthophosphorus  51 

1.09 

0.0-2.76 

266 


TABLE  8.  Water  Quality  Characteristics,  Squaw  Creek 

(Concentrations  in  mg/1) 


Number  of 

Parameters 

analyses 

Mean 

Range 

Temperature  (°C) 

51 

13.5 

0.0-27.5 

Dissolved  oxygen 

50 

10.1 

3.0-16.0 

Turbidity  (FTU) 

50 

10.4 

3.4-31.0 

PH 

53 

7.98-8.75 

Alkalinity 

53 

201 

133-262 

Hardness 

53 

289 

102-413 

Nitrate-N 

52 

0.92 

0.04-2.37 

Kjeldahl-N 

52 

2.49 

0.5-9.89 

Ammonia-N 

52 

1.11 

0.03-3.65 

Total  silica 

52 

3.77 

0.0-9.09 

Total  iron 

52 

0.66 

0.09-4.28 

Chloride 

53 

36 

27-46 

Sulfate 

53 

81 

28-114 

Total  solids 

52 

449 

392-510 

Total  dissolved  solids 

53 

423 

348-490 

Suspended  solids 

52 

27 

0.0-72.0 

Total  phosphorus 

53 

0.83 

0.21-1.94 

Dissolved  orthophosphorus  53 

0.67 

0.0-1.46 

TABLE  9.  Water  Quality  Characteristics,  Fox 

River  at  Johnsburg 

(Concentrations 

in  mg/1) 

Number  of 

Parameters 

analyses 

Mean 

Range 

Temperature  (°C) 

51 

13.0 

0.0-27.5 

Dissolved  oxygen 

50 

11.7 

4.0-20.0 

Turbidity  (FTU) 

50 

12.9 

2.4-28.0 

pH 

53 

7.98-8.72 

Alkalinity 

53 

211 

138-302 

Hardness 

53 

286 

88-393 

Nitrate-N 

52 

0.86 

0.02-2.39 

Kjeldahl-N 

52 

1.54 

0.11-3.44 

Ammonia-N 

52 

0.29 

0.01-2.50 

Total  silica 

52 

3.91 

0.0-9.83 

Total  iron 

52 

0.79 

0.08-5.16 

Chloride 

53 

35 

20-63 

Sulfate 

53 

54 

37-72 

Total  solids 

52 

418 

302-493 

Total  dissolved  solids 

53 

386 

266-460 

Suspended  solids 

52 

33 

0-88 

Total  phosphorus 

53 

0.27 

0.07-1.77 

Dissolved  orthophosphorus  53 

0.13 

0.0-1.47 
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With  the  exception  of  the  Fox  River  upstream  of  the  lakes  and  Nip¬ 
pers  ink  Creek,  observed  DO  concentrations  were  on  several  occasions 
less  than  5  mg/1.  In  Sequoit  Creek  and  Lily  Lake  Drain,  10  percent  of 
the  observations  were  less  than  5  mg/1.  The  average  DO  concentrations 
were  high  in  all  of  the  streams  and  each  of  them  exhibited  a  high  de¬ 
gree  of  supersaturation. 


Turbidity 

The  mean  turbidity  values  measured  in  the  tributaries  to  the  Fox 
Chain  of  Lakes  ranged  from  8.4  to  15.9  FTU  which  are  much  less  than  the 
values  determined  by  the  Water  Survey  for  the  Spoon  River  in  central 
Illinois.  Turbidity  in  the  Spoon  River,  measured  at  five  different 
sites  over  a  period  of  2  years,  ranged  from  147  to  3470  FTU.  The  Spoon 
River  is  unimpounded  along  its  entire  length,  whereas  in  the  Fox  River, 
Squaw  Creek,  and  Nippers  ink  Creek  impoundments  exist  upstream  of  the 
sampling  sites.  Lily  Lake  Drain's  small  watershed  is  an  undisturbed 
area  and  Sequoit  Creek  drains  a  small  but  mostly  urban  area. 

pH,  Alkalinity,  and  Hardness 

Because  pH  values  are  logarithm  of  reciprocals  of  hydrogen  ion  con¬ 
centrations,  arithmetic  means  of  pH  values  were  not  computed  and  only 
the  ranges  of  values  observed  are  shown  in  Tables  4  through  9.  The  pH 
values  for  all  the  streams  ranged  between  7.75  and  8.75  which  are  within 
the  range  stipulated  by  the  Illinois  Pollution  Control  Board. 

The  alkalinity  and  hardness  values  observed  in  the  Fox  River  and 
other  tributaries  are  typical  of  surface  waters  in  the  midwest.  The 
mean  alkalinity  values  observed  in  these  streams  varied  from  201  to 
257  mg/1  which  compare  well  with  the  mean  values  of  222  to  265  mg/1 
for  the  Spoon  River  at  five  locations.  Hardness  values  ranged  from 
261  to  336  mg/1  in  the  Fox  River  and  other  tributaries,  whereas  mean 
hardness  values  varied  from  332  to  346  mg/1  at  five  of  the  Spoon 
River  sampling  sites. 


Nitrogen 

The  concerns  for  nitrogen  as  a  contaminant  in  water  bodies  are  two¬ 
fold.  First,  because  of  adverse  physiological  effects  on  infants  and  be 
cause  the  traditional  water  treatment  processes  have  no  effect  on  the  re 
moval  of  nitrate,  concentrations  of  nitrate  plus  nitrite  as  nitrogen  are 
limited  to  10  mg/1  in  public  water  supplies.  Second,  a  concentration  in 
excess  of  0.3  mg/1  is  considered  sufficient  to  stimulate  nuisance  algal 
blooms  (Sawyer,  1974).  The  Illinois  Pollution  Control  Board  stipulates 
that  ammonia  nitrogen  and  nitrate  plus  nitrite  as  nitrogen  should  not 
exceed  1.5  and  10.0  mg/1,  respectively. 

The  range  of  values  of  nitrate  observed  in  the  Fox  River  was  0.02 
to  4.51  mg/1.  In  the  streams,  the  overall  range  was  0.02  to  4.68  mg/1. 
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The  range  of  nitrate  concentrations  in  other  streams  in  Illinois  was  more 
extensive:  0.0  to  11.8  mg/1  in  the  Spoon  River,  0.05  to  16.98  mg/1  in  Six 
Mile  Creek  near  Bloomington,  and  3.70  to  10.17  mg/1  in  the  Middle  Fork  Ver¬ 
milion  River.  The  ammonia  concentrations  in  Sequoit  and  Squaw  Creeks  were 
much  higher  than  in  the  other  streams  in  the  area.  This  is  mainly  because 
of  the  closeness  of  municipal  waste  treatment  discharges  to  the  water  sam¬ 
pling  sites  in  these  two  creeks.  The  Illinois  Pollution  Control  Board  am¬ 
monia  standard  was  found  to  be  violated  about  40  percent  of  the  time  in 
these  two  creeks. 

The  nitrate  and  ammonia  loads  transported  by  the  Fox  River  and 
other  streams  are  shown  in  Table  10.  The  nitrogen  load  transported 
in  terms  of  kilograms  per  day  was  estimated  by  : 

Kilograms  per  day  =  flow  (cfs)  x  concentration  (mg/1)  x  2.44 

The  means  of  average  daily  flows  for  a  7-day  period  were  used  in 
estimating  the  load.  In  the  case  of  Lily  Lake  Drain,  Sequoit  Creek, 
and  Squaw  Creek,  the  overall  means  of  flow  observations  were  used  on 
days  when  flow  values  could  not  be  estimated  for  a  lack  of  stage  ob¬ 
servations.  The  stage  observations  for  Sequoit  Creek  were  not  as  reg¬ 
ular  as  those  for  Lily  Lake  Drain  or  Squaw  Creek.  When  a  number  of 
stage  observations  were  missing  in  Sequoit  Creek,  the  flows  were  esti¬ 
mated  from  Lily  Lake  Drain  flows  adjusted  for  drainage  area  and  waste - 
water  discharge  from  Antioch  waste  treatment  plant.  Information  on 
kilograms  per  square  kilometer  per  day  (kg/sq  km/day)  and  kilograms 
per  hectare  per  year  (kg/ha/yr)  is  also  shown  in  Table  10. 

The  mean  nitrate  concentration  was  highest  in  the  Fox  River.  Pre¬ 
sumably  this  is  due  to  the  fertilizer  applied  to  agricultural  lands  and 
the  self  purification  of  municipal  waste  discharges  in  the  upper  reach¬ 
es  of  the  Fox  River  in  Wisconsin.  The  nitrate  load  transported  by  the 
Fox  River  into  the  Chain  of  Lakes  is  about  2428  kg/day.  About  622  kg/day 
is  transported  by  Nippersink  Creek. 


TABLE  10.  Nitrate  and  Ammonia-N  Transport  by  Different  Streams 


Nitrate  Ammonia-N 

Streams  kg/day  kg/sq  km/day  kg/ha/yr  kg/day  kg/sq  km/day  kg/ha/yr 


Fox  River 
at  Route  173 

2428 

1.08 

3.92 

458 

0.20 

0.74 

Lily  Lake  Drain 

6 

0.52 

1.88 

1 

0.12 

0.43 

Nippersink  Creek 

622 

1.24 

4.54 

130 

0.26 

0.94 

Sequoit  Creek 

24 

0.85 

3. 11 

24 

0. 89 

3.24 

Squaw  Creek 

76 

0.69 

2.52 

96 

0. 87 

3.  17 

Fox  River 
at  Johnsburg 

2149 

0.69 

2.51 

631 

0.20 

0.74 
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Sequoit  and  Squaw  Creeks,  have  high  mean  concentrations  of  ammonia 
due  mainly  to  the  closeness  of  the  stream  sampling  sites  to  waste  treat¬ 
ment  plants.  The  mean  ammonia  concentration  in  Lily  Lake  Drain,  which 
drains  mostly  marshlands,  is  0.43  mg/1.  This  is  higher  than  the  mean 
ammonia  concentrations  observed  in  Nippersink  Creek  and  Fox  River.  How¬ 
ever,  mean  nitrate  concentrations  in  the  latter  two  streams  were  signi¬ 
ficantly  higher. 

For  purposes  of  comparison  of  nutrient  transports  by  the  different 
streams,  unit  load  factors  were  considered.  Nippersink  Creek  showed 
the  highest  rate  of  nitrate  transported  (4.54  kg/ha/yr) .  This  was  fol¬ 
lowed  by  3.92  kg/ha/yr  for  Fox  River  at  the  Route  173  site.  Unit  ammon- 
ia-N  loads  transported  by  Sequoit  and  Squaw  Creeks  were  several  orders 
of  magnitude  higher  than  for  the  other  streams. 

The  unit  nitrate  loads  transported  by  all  these  streams  are  con¬ 
siderably  less  than  the  average  nitrate  contribution  of  23.53  kg/ha/yr 
observed  on  the  2677-square-kilometer  drainage  area  for  the  Kaskaskia 
River  upstream  of  Shelbyville  (Harmeson  and  Larson,  1974). 


Silica 

Concentrations  of  silica  in  the  Fox  River  and  other  tributaries  do 
not  appear  to  be  excessive  and  are  within  the  range  cited  in  the  liter¬ 
ature  (American  Public  Health  Association,  1971).  The  mean  and  range  of 
values  observed  for  Sequoit  Creek  appear  to  have  been  influenced  to  a 
great  extent  by  the  Antioch  waste  treatment  plant.  Evans  (1968),  con¬ 
sidering  the  addition  of  common  ions  from  domestic  use  of  water,  docu¬ 
mented  that  there  is  nearly  a  two-  to  threefold  increase  in  silica 
concentration  in  municipal  wastewaters  compared  to  the  tap  waters  in 
their  respective  locations. 


Total  Iron 

Generally  accepted  standards  for  iron  in  surface  water  supply  sources 
is  0.3  mg/1  or  less.  The  limit  is  based  on  aesthetic  and  taste  consid¬ 
erations  rather  than  physiological  reasons.  The  Illinois  Pollution  Con¬ 
trol  Board  limits  the  concentration  of  total  iron  in  streams  to  1.0  mg/1. 

The  mean  concentrations  of  total  iron  in  Nippersink  and  Sequoit 
Creeks  were  found  to  be  higher  than  the  Illinois  Pollution  Control  Board 
limits.  All  the  other  streams  had  mean  total  values  less  than  the  stip¬ 
ulated  limits.  On  a  few  occasions,  the  concentration  of  iron  observed 
in  Nippersink  and  Sequoit  Creeks  exceeded  20  mg/1.  In  all  the  other 
creeks,  the  maximum  observed  was  in  the  order  of  5  mg/1.  In  Nippersink 
and  Sequoit  Creeks,  observed  iron  concentrations  exceeded  the  Illinois 
Pollution  Control  Board  limit  41  and  31  percent  of  the  time,  respectively. 
In  the  other  streams,  the  Illinois  Pollution  Control  Board  standard  was 
violated  about  19  to  30  percent  of  the  time. 
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Chloride  and  Sulfate 


The  mean  chloride  concentration  of  12  mg/1  in  Lily  Lake  Drain  was 
the  lowest  of  all  the  observed  mean  values,  reflecting  the  chloride 
contribution  independent  of  cultural  developments.  The  average  concen¬ 
tration  in  Sequoit  Creek,  60  mg/1,  was  the  highest  and  was  influenced 
by  the  effluent  discharge  from  the  Antioch  waste  treatment  plant.  All 
of  the  other  streams  showed  average  values  varying  from  30  to  38  mg/1. 
The  mean  sulfate  concentrations  varied  in  these  streams  from  54  to  81 
mg/1.  The  observed  concentrations  of  chloride  and  sulfate  in  all  the 
streams  are  well  within  the  Illinois  Pollution  Control  Board  limits. 


Total  Solids,  Total  Dissolved  Solids, 
and  Suspended  Solids 

The  mean  values  of  total  solids  and  total  dissolved  solids  at  all 
six  sampling  locations  for  stream  quality  characteristics  are  comparable 
The  temporal  variations  in  these  two  parameters  are  moderate  in  all  the 
streams  except  for  one  extremely  high  value  observed  in  Sequoit  Creek. 
The  suspended  solids  concentrations  exhibited  a  wider  range  of  values, 
varying  from  0  to  about  250  mg/1,  with  the  exception  of  one  unusually 
high  value  of  770  mg/1  observed  in  Sequoit  Creek.  The  dissolved  solids 
concentrations  observed  in  these  streams  were  well  within  the  Illinois 
Pollution  Control  Board  limit  of  1000  mg/1. 


Phosphorus 

The  means  and  range  of  values  for  total  phosphorus  and  dissolved 
orthophosphorus  for  the  Fox  River  and  other  tributaries  are  shown  in 
Tables  4  through  8.  Sequoit  Creek  exhibited  the  highest  mean,  the 
widest  range  of  values,  and  the  highest  of  all  the  minimum  values  for 
total  phosphorus  and  dissolved  orthophosphorus.  These  high  values 
were  caused  by  the  waste  treatment  plant  at  Antioch.  The  lowest  phos¬ 
phorus  concentration  was  observed  for  Lily  Lake  Drain,  which  is  the 
least  affected  by  human  cultural  activities.  The  ratio  of  means  of 
dissolved  orthophosphorus  to  total  phosphorus  was  the  highest  in 
Sequoit  Creek  at  0.86,  followed  by  0.81  for  Squaw  Creek.  The  ratio 
was  the  lowest  for  the  Fox  River  at  Illinois  Route  173. 

Table  11  shows  the  flux  in  kilograms  per  day  (kg/day)  and  unit 
load  factors  expressed  as  kilograms  per  hectare  per  day  (kg/ha/day) 
and  kilograms  per  square  kilometers  per  year  (kg/sq  km/yr)  of  total 
phosphorus  and  dissolved  orthophosphorus  at  the  six  stream  sampling 
sites.  The  unit  load  factor  estimated  for  the  Kaskaskia  River  at 
Shelbyville  was  0.19  kg/ha/yr  (Engelbrecht  and  Morgan,  1959).  The 
unit  load  factor  for  the  Spoon  River  varied  from  0.53  kg/ha/yr  near 
the  headwaters  to  0.29  kg/ha/yr  near  its  confluence  with  the  Illi¬ 
nois  River.  It  decreased  gradually  in  the  downstream  direction  and 
thus  exhibited  the  dilution  effect.  The  phosphorus  transport  data 
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TABLE  11.  Phosphorus  Transport  by  Different  Streams 

Total  phosphorus  Dissolved  orthophosphorus 

Streams  kg/day  kg/sq  km/day  kg/ha/yr  kg/day  kg/sq  km/day  kg/ha/yr 


Fox  River 

538 

0.24 

0.87 

194 

0.09 

0.  31 

at  Route  173 

Lily  Lake  Drain 

1 

0.06 

0.22 

0.2 

0.17 

0.06 

Nippersink  Creek 

101 

0.20 

0.74 

54 

0.11 

0. 39 

Sequoit  Creek 

28 

0.99 

3.63 

15 

0.54 

1.96 

Squaw  Creek 

59 

0.54 

1.97 

49 

0.44 

1.60 

Fox  River 

496 

0.16 

0.58 

231 

0.07 

0.27 

at  Johnsburg 

for  the  Fox  River 

and  other 

tributaries 

to  the 

Fox  Chain  of  Lakes 

,  with 

the  exception  of 

Lily  Lake 

Drain,  appear  to  be 

several 

orders  of 

mag- 

nitude  higher  when  compared  with  the  Kaskaskia 

River  or 

Spoon  River  data. 

The  phosphorus  concentrations  in  the  Fox  River,  Sequoit  Creek,  and 
Squaw  Creek  exceeded  the  Illinois  Pollution  Control  Board  limit  all  the 
time.  Phosphorus  concentrations  were  less  than  0.05  mg/1  for  Nippersink 
Creek  in  only  3  out  of  the  53  observations  over  a  period  of  1  year. 
Phosphorus  concentrations  exceeded  0.05  mg/1  for  Lily  Lake  Drain  in  32 
of  the  53  observations. 
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ABSTRACT 


The  Fox  Chain  of  Lakes  receives  approximately  6370 
kg/ day  of  total  nitrogen  and  730  kg/day  of  total  phos¬ 
phorus.  Of  the  total  phosphorus  and  total  nitrogen,  a- 
bout  130  kg/day  of  phosphorus  and  375  kg/day  of  nitrogen 
emanate  from  point  sources  of  waste  discharges.  The  Fox 
River  transports  about  70  percent  of  inorganic  nitrogen, 
and  together  with  Nippersink  and  Squaw  Creeks  contrib¬ 
utes  about  93  percent  of  the  total  inorganic  nitrogen. 
Also,  these  three  tributaries  contribute  86  percent  of 
the  dissolved  orthophosphorus.  About  27  percent  of  to¬ 
tal  nitrogen  and  37  percent  of  total  phosphorus  influx 
into  the  lake  system  are  retained  in  the  lakes.  The  im¬ 
pacts  of  septic  tank  systems  and  precipitation  were  found 
to  be  equal  as  far  as  total  phosphorus  is  concerned.  The 
net  loading  rates,  considering  only  the  readily  available 
nitrogen  and  phosphorus  retained  in  the  lakes,  were  found 
to  be  17.4  g/m2/yr  and  1.5  g/m2/yr,  respectively,  for  ni¬ 
trogen  and  phosphorus.  These  loading  rates,  computed  on 
the  basis  of  lake  surfaces,  are  several  orders  of  magni¬ 
tude  in  excess  of  rates  for  these  nutrients  which  the 
lakes  could  absorb  without  showing  the  symptoms  of  eutro¬ 
phication.  It  is  estimated  that  phosphorus  recycled  from 
the  sediments  in  deep  water  areas  of  the  Fox  Chain  alone 
appears  to  be  adequate  for  sustaining  algal  blooms  for  a 
long  period  of  time. 


INTRODUCTION 

The  Fox  Chain  of  Lakes  consists  of  nine  major  internally  connected 
lakes  located  in  Lake  and  McHenry  Counties  in  northern  Illinois.  The 
main  inflow  into  the  lake  system  is  the  Fox  River.  Other  tributaries 
of  importance  are  the  Sequoit,  Nippersink,  and  Squaw  Creeks,  and  Lily 
Lake  Drain. 
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The  lakes  and  their  associated  shorelands  constitute  a  valuable 
natural  resource  that  is  showing  the  effects  of  increased  cultural 
pressure  exerted  on  them.  The  shores  of  these  lakes  were  first  dot¬ 
ted  by  summer  homes  but  these  have  long  been  converted  to  year-round 
occupancy.  All  of  the  shore  naturally  suitable  for  construction  of 
homes,  restaurants,  marinas,  and  other  recreational  facilities  has 
been  developed.  Artificial  channels  have  been  dredged  to  accommodate 
demands  for  lake  frontage  property.  The  recreational  value  of  the 
lakes  is  a  major  economic  influence  in  the  area. 

Nuisance  algal  blooms  have  been  a  source  of  recorded  complaints 
on  the  Chain  for  at  least  the  past  35  years.  Such  protests  expressed 
apprehensions  regarding  the  curtailment  of  bathing,  fishing,  lowering 
of  property  values,  cancellation  of  resort  trade,  and  impairment  of 
the  picturesque  beauty  of  the  Chain. 

It  is  generally  recognized  that  there  is  an  urgent  need  for  the 
development  and  implementation  of  technically  sound  and  economically 
feasible  management  plans  for  controlling  the  accelerated  eutrophic 
conditions  in  the  lakes.  As  a  prerequisite  for  this  management  plan, 
it  is  imperative  to  identify  the  sources  and  magnitude  of  the  nutri¬ 
ents  influx  into  the  lakes.  Details  of  the  nutrient  budget  developed 
for  the  Fox  Chain  of  Lakes  and  a  critical  evaluation  of  the  nutrient 
balance  for  the  lake  system  are  reported  here. 


NUTRIENT  BUDGET 

Though  nitrogen  and  phosphorus  are  not  the  only  nutrients  required 
for  algal  growth,  they  are  generally  considered  to  be  the  two  main  nu¬ 
trients  involved  in  the  lake  eutrophication  process.  In  spite  of  the 
controversy  over  the  role  of  carbon  as  a  limiting  nutrient,  a  vast  ma¬ 
jority  of  the  researchers  regard  phosphorus  as  the  most  frequently  lim¬ 
iting  nutrient  in  lakes  (Bartsch,  1972;  Gakstatter  et  al.,  1975;  Malueg 
et  al.,  1973;  U.  S.  Environmental  Protection  Agency,  1973;  and  Vollen- 
weider,  1968). 

Several  factors  have  complicated  attempts  to  quantify  the  relation¬ 
ship  between  lake  trophic  status  and  measured  nutrient  concentrations  of 
the  lake  waters.  For  example,  measured  inorganic  nutrient  concentrations 
do  not  denote  nutrient  availability  to  the  plant,  but  merely  represent 
what  is  left  over  by  the  lake  production  process.  A  certain  fraction  of 
the  nutrients  (particularly  phosphorus)  while  passing  through  successive 
biological  cycles  becomes  refractory.  In  addition,  numerous  morphometric 
and  chemical  factors  affect  the  availability  of  nutrients  in  lakes.  Fac¬ 
tors  such  as  mean  depth,  basin  shape,  and  detention  time  affect  the  a- 
mount  of  nutrients  a  lake  can  absorb  without  developing  nuisance  condi¬ 
tions.  Nutrient  budget  calculations  represent  the  first  step  in  quanti¬ 
fying  the  dependence  of  lake  water  quality  on  the  nutrient  supply.  It 
is  often  essential  to  quantify  the  sources  of  nutrients  from  management 
and  eutrophication  control  viewpoints.  Thus  Vollenweider  (1968)  and 


others  have  emphasized  the  importance  of  quantifying  nutrient  supply, 
particularly  those  of  nitrogen  and  phosphorus,  in  determining  lake  tro¬ 
phic  status. 

Potential  sources  of  nitrogen  and  phosphorus  for  lakes  are  the  water 
shed  drainage  which  can  include  agricultural  runoff,  urban  runoff,  swamp 
and  forest  runoff,  domestic  and  industrial  waste  discharges,  septic  tank 
discharges  from  lakeshore  developments,  precipitation  on  lake  surface, 
dry  fallouts  (i.e.,  leaves,  dust,  seeds,  and  pollen),  groundwater  influx¬ 
es,  nitrogen  fixation,  sediment  recycling,  and  aquatic  bird  and  animal 
wastes.  Potential  sinks  can  include  outlet  losses,  fish  catches,  aquatic 
plant  removal,  denitrification,  groundwater  recharge,  and  sediment  losses 
Some  sources  and  sinks,  e.g.,  groundwater,  nitrogen  fixation  and  denitri¬ 
fication,  and  nitrogen  and  phosphorus  recycling  from  sediments,  require 
elaborate  sampling  and  experimental  procedures  for  adequate  evaluation. 
Consequently,  manpower  and  time  constraints  have  resulted  in  less  than 
complete  nutrient  balance  studies  reported  thus  far. 

A  partial  nitrogen  and  phosphorus  budget  is  presented  here.  The 
budgets  are  referred  to  as  'partial'  since  no  attempt  was  made  to  account 
for  such  sources  of  nitrogen  and  phosphorus  as  groundwater,  leaves,  pol¬ 
len,  seeds,  or  nitrogen  fixation. 

Nutrient  emissions  from  municipal  and  industrial  waste  treatment 
plants  in  Illinois,  contributing  to  the  lake  system  either  directly  or 
through  tributaries,  were  estimated  by  assessing  the  effluent  quality 
characteristics.  The  nutrients  transported  by  the  Fox  River  and  other 
tributaries  to  the  Fox  Chain  of  Lakes  were  measured  by  determining  the 
weekly  phosphorus  and  nitrogen  concentrations  in  the  streams  in  conjunc¬ 
tion  with  the  streamflow  rates.  Because  the  sampling  sites  were  located 
on  the  tributaries  close  to  the  lakes,  nutrient  transport  values  esti¬ 
mated  for  the  tributaries  combine  the  contributions  of  point  and  non¬ 
point  sources.  Thus,  knowing  the  total  nutrient  transport  of  the  streams 
and  the  municipal  and  industrial  wasteflow  contributions,  the  magnitude 
of  nonpoint  sources  contribution  could  be  estimated  by  difference.  Nu¬ 
trient  contributions  from  precipitation  were  determined  from  phosphorus 
and  nitrogen  concentrations  of  rainwater  samples  collected  periodically 
at  three  sampling  sites  in  the  area  and  from  the  total  annual  precipi¬ 
tation  for  the  area.  Figure  1  shows  the  Fox  Chain  of  Lakes,  its  major 
tributaries,  municipal  waste  discharges  within  the  Illinois  portion  of 
the  Chain's  watershed,  and  tributary  and  rainwater  sampling  points. 

The  nutrient  contribution  from  groundwater  is  considered  to  be  in¬ 
significant  compared  with  other  sources.  In  nearby  Cedar  Lake  (shown 
in  Figure  1)  which  is  entirely  springfed,  the  nitrogen  concentrations 
were  found  to  be  comparable  to  those  found  in  the  Fox  Chain  of  Lakes. 
However,  the  phosphorus  concentrations  in  Cedar  Lake  were  much  less. 

This  was  true  even  in  the  hypolimnetic  zone  of  Cedar  Lake  which  was  a- 
noxic  during  summer  months. 
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FIGURE  1.  —  Water  quality  sampling  locations. 


Contributions  from  Precipitation 

The  nitrogen  and  phosphorus  concentrations  measured  in  rainwater 
samples  collected  from  three  locations  in  the  Fox  Chain  of  Lakes  area 
are  shown  in  Table  1.  For  comparison,  analyses  of  rainwater  samples 
collected  at  the  site  of  the  Water  Quality  Section  laboratory  in  Peor¬ 
ia  are  also  shown  in  the  table.  Even  though  the  analyses  were  made  on 
rainwater  samples  only,  these  results  are  equally  applicable  to  snow 
samples.  Murphy  (1974)  investigated  the  phosphorus  content  in  rain  and 
snow  in  the  Chicago  area  and  found  the  concentrations  of  phosphorus  were 
similar.  The  mean  concentrations  of  nitrate  nitrogen,  ammonia  nitrogen, 
Kjeldahl  nitrogen,  and  total  phosphorus  in  rainwater,  based  on  all  of 
the  observations  made  in  the  Fox  Lakes  area,  are  0.93,  2.02,  2.71,  and 
0.41  mg/1,  respectively.  The  long-term  average  annual  precipitation  at 
Antioch  in  the  Fox  Chain  of  Lakes  area,  as  reported  by  the  National 
Weather  Service,  is  84  cm.  The  annual  rate  of  nitrate.,  ammonia,  and 
total  phosphorus  addition,  expressed  as  kilograms  per  hectare  of  lake 
surface  per  year  (kg/ha/yr) ,  due  to  direct  precipitation  amounts  to 
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TABLE  1.  Rainwater  Quality  Characteristics  at  Four  Locations  in  Illinois 


Location 

(Concentrations 

Number  of 
analyses 

in  mg/1) 

Mean 

Range 

Nitrate-N 

Antioch 

11 

0.77 

0.26-2.90 

Chain  of  Lakes 

8 

0. 81 

0.32-1.58 

State  Park 

Lake  Villa 

16 

1.11 

0.37-2.43 

Peoria 

6 

0.53 

0.30-0.85 

Kjeldahl-N 

Antioch 

9 

2.88 

0.65-5.01 

Chain  of  Lakes 

3 

5.45 

1. 81-11. 10 

State  Park 

Lake  Villa 

9 

2.53 

0. 85-6.03 

Peoria 

3 

0.86 

0.46-1.22 

Ammonia-N 

Antioch 

11 

2.22 

0.38-4.78 

Chain  of  Lakes 

8 

1.97 

0.32-5.67 

State  Park 

Lake  Villa 

14 

1.90 

0.40-4.82 

Peoria 

6 

0.68 

0. 34-1.07 

Total  phosphorus 

Antioch 

11 

0.27 

0.12-0.64 

Chain  of  Lakes 

8 

0.32 

0.00-0. 70 

State  Park 

Lake  Villa 

14 

0.56 

0.03-2.09 

Peoria 

5 

0.17 

0.04-0.41 

7.41,  16.92,  and  3.18,  respectively.  The  Fox  Chain  of  Lakes  with  a  to¬ 
tal  surface  area  of  about  2772  hectares  receive  annually  20,227  kg  of  ni¬ 
trate,  46,893  kg  of  ammonia,  and  8844  kg  of  total  phosphorus  from  direct 
precipitation . 


Contributions  from  Septic  Tanks 

Septic  tank  field-tile  systems  are  generally  a  problem  only  if  they 
become  clogged  or  water-bound  which  is  likely  to  occur  in  non-sandy  soils 
such  as  the  types  found  in  the  Fox  Chain  of  Lakes  area.  When  this  occurs, 
surface  discharge  results,  and  nutrients  in  the  effluent  can  be  trans¬ 
ported  via  overland  flow  to  the  lakes.  Local  residents  have  reported 
such  occurrences  that  are  apparent  in  winter  under  snow-cover  conditions. 

In  the  absence  of  detailed  field  measurements  to  quantify  the  nutri¬ 
ent  contribution  to  the  lakes  from  septic  systems,  an  indirect  approach 
in  estimating  the  nutrient  contribution  was  taken  here.  There  are  about 
6900  residential  units  around  the  lakes  that  use  septic  systems,  and 
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institutions  like  schools,  churches,  hotels,  restaurants,  and  other  com¬ 
mercial  enterprises  contribute  an  estimated  daily  wasteflow  of  590  cubic 
meters.  This  wasteflow  is  equivalent  to  that  flow  from  a  population  of 
1550  persons  at  the  rate  of  0.38  cubic  meter  per  capita  per  day.  Further 
assuming  an  average  occupancy  of  three  persons  per  residential  unit,  the 
total  number  of  humans  contributing  to  wasteflow  could  be  22,250.  There¬ 
fore,  the  assumption  here  is  that  22,250  persons  are  served  by  septic 
tanks . 

Phosphorus  and  nitrogen  contribution  rates,  in  terms  of  kilograms 
per  capita  per  year  (kg/cap/yr),  used  in  estimating  the  impact  of  septic 
tank  systems  by  different  investigators  have  differed  significantly. 
Sonzogni  and  Lee  (1972)  used  rates  of  1.36  kg/cap/yr  for  soluble  ortho¬ 
phosphorus;  2.04  kg/cap/yr  for  total  phosphorus;  2.72  kg/cap/yr  for  in¬ 
organic  nitrogen;  and  3.63  kg/cap/yr  for  total  nitrogen  in  estimating 
septic  tank  contributions  to  Lake  Mendota  in  Wisconsin.  The  U.  S.  En¬ 
vironmental  Protection  Agency  (1973)  recommends  rates  of  1.50  kg/cap/yr 
for  total  phosphorus  and  6.49  kg/cap/yr  for  total  nitrogen  with  the  sug¬ 
gestion  to  reduce  these  values  to  account  for  seasonal  occupancy,  lack 
of  laundry  facilities,  and  other  factors.  The  rates  used  by  Sonzogni 
and  Lee  for  Lake  Mendota  were  used  in  this  investigation  to  evaluate 
the  impact  of  septic  tank  disposal  systems. 

The  McHenry  County  Public  Health  Administrator  estimates  that  about 
10  to  20  percent  of  the  septic  tank  systems  in  the  Pistakee  Lake  area 
could  be  malfunctioning  (William  Mellon  and  Richard  Wissell,  personal 
communication,  1976).  If  a  failure  rate  of  20  percent  was  used  for  the 
entire  Fox  Chain  of  Lakes  area,  the  amount  of  nitrogen  and  phosphorus 
added  to  the  Fox  Chain  of  Lakes  from  malfunctioning  units  is  estimated 
to  be:  inorganic  nitrogen,  12,110  kg/yr;  total  nitrogen,  16,145  kg/yr; 
dissolved  orthophosphorus  6080  kg/yr;  and  total  phosphorus  9070  kg/yr. 


Nutrient  Balance 

An  inventory  of  nutrient  emissions  to  the  Fox  Chain  from  major  point 
sources  within  Illinois  is  shown  in  Table  2.  The  average  emission  rates 
in  terms  of  kilograms  per  day  for  ammonia,  nitrate,  organic  nitrogen,  dis 
solved  orthophosphorus,  and  total  phosphorus  are  shown  in  this  table. 
Total  inorganic  nitrogen  and  dissolved  orthophosphorus,  which  are  the 
readily  available  forms  of  plant  nutrients  discharged  by  the  Woodstock 
northside  treatment  plant,  were  the  highest  among  the  observed  values. 
These  were  followed  by  the  discharges  from  the  Round  Lake  Sanitary  Dis¬ 
trict  waste  treatment  plant. 

Table  3  shows  the  nutrient  loads  transported  by  the  Fox  River  and 
other  tributaries  to  the  Fox  Chain  of  Lakes.  The  nutrient  loads  trans¬ 
ported  by  the  streams  are  further  classified  as  to  point  or  nonpoint 
sources.  Because  no  detailed  inventory  of  point  nutrient  sources  in 
Wisconsin  was  made,  the  nutrients  transported  by  the  Fox  River  into  the 
Fox  Chain  of  Lakes  are  all  shown  as  from  nonpoint  sources.  The  relative 
importance  of  point  sources  and  nonpoint  sources  in  nitrogen  and  phos¬ 
phorus  contributions  is  also  shown  in  the  table. 
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TABLE  2.  Inventory  of  Point-Source  Nutrient  Emissions 


Mean 


flow 

Treatment  plant  ( mgd ) 

Armonia-N 

Hebron  Trickling  0.10 

Filter  Plant 

Hebron  Lagoons  0.09 

Richmond  0.15 

Woodstock  North-  2.00 

side  Plant 

Woodstock  Die  0.55 

Casting  Company 
Lake  Villa  0.15 

Round  Lake  Sani-  1.60 

tary  District 
Antioch  0.75 

Fox  Lake  0.25 

Nitrate-N 

Hebron  Trickling  0.10 

Filter  Plant 

Hebron  Lagoons  0.09 

Richmond  0.15 

Woodstock  North-  2.00 

side  Plant 

Woodstock  Die  0.55 

Casting  Company 
Lake  Villa  0. 15 

Round  Lake  Sani-  1.60 

tary  District 
Antioch  0.75 

Fox  Lake  0.25 

Organic-N 

Hebron  Trickling  0.10 

Filter  Plant 

Hebron  Lagoons  0.09 

Richmond  0.15 

Woodstock  North-  2.00 

side  Plant 

Woodstock  Die  0.55 

Casting  Company 
Lake  Villa  0.15 

Round  Lake  Sani-  1.60 

tary  District 
Antioch  0.75 

Fox  Lake  0.25 


Mean 

concen¬ 

tration 

Load 

(mg /l) 

(kg /day) 

10.05 

3.80 

6.91 

2.35 

8.69 

4.93 

13.05 

98.72 

0.19 

0.39 

4.68 

2.65 

15.15 

91.68 

5.84 

16.56 

14.08 

13.32 

11.95 

4.52 

1.03 

0.35 

4.79 

2.72 

0.55 

4.16 

1.70 

3.54 

4.19 

2.38 

0.56 

3.  39 

5.17 

14.76 

1.60 

1.51 

9.06 

3.43 

12.41 

4.23 

3.86 

2. 19 

4.06 

30. 73 

1.84 

3.83 

2.71 

1.54 

9.32 

56.45 

5.40 

15.33 

6.14 

5.81 

(Concluded  on 

next  page) 
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TABLE  2.  Concluded 


Treatment  plant 

Mean 

flow 

(mgd) 

Mean 

concen¬ 

tration 

(mg /l) 

Load 
(kg /day) 

Total  phosphorus 

Hebron  Trickling 

0.10 

13.54 

5.12 

Filter  Plant 

Hebron  Lagoons 

0.09 

3.  83 

1.30 

Richmond 

0.15 

9.24 

5.24 

Woodstock  North- 

2.00 

7.56 

57. 19 

side  Plant 

Woodstock  Die 

0.55 

2.82 

5.87 

Casting  Company 

Lake  Villa 

0.15 

7.02 

3.98 

Round  Lake  Sani- 

1.60 

5.09 

30. 80 

tary  District 

Antioch 

0. 75 

5.91 

16.77 

Fox  Lake 

0.25 

7.11 

6. 72 

Dissolved  orthophosphorus 

Hebron  Trickling  0.10 

10.50 

3.97 

Filter  Plant 

Hebron  Lagoons 

0.09 

2.68 

0.91 

Richmond 

0.15 

5.57 

3. 16 

Woodstock  North- 

2.00 

5.68 

42.97 

side  Plant 

Woodstock  Die 

0.55 

2.30 

4.  78 

Casting  Company 

Lake  Villa 

0.15 

4.38 

2.49 

Round  Lake  Sani- 

1.60 

4.18 

25. 30 

tary  District 

Antioch 

0.  75 

4.37 

12.39 

Fox  Lake 

0.25 

4.83 

4.57 

Nutrient  flux  from  major  sources  to  the  Fox  Chain  of  Lakes  is  shown 
in  Table  4.  Rates  of  transport  in  metric  tons  per  year  for  ammonia,  nitrate, 
total  nitrogen,  dissolved  orthophosphorus,  and  total  phosphorus  are  listed. 
Tributaries  to  the  Fox  Chain,  direct  waste  discharge,  impact  of  septic 
tank  disposal  systems,  and  precipitation  were  the  major  sources  of  nutri¬ 
ents  considered  in  this  investigation.  The  sum  of  the  first  eight  items 
in  the  list  indicates  the  annual  gross  loading  rates  of  nutrients.  Data 
pertaining  to  the  Fox  River  at  Johnsburg  indicate  the  magnitude  of  nutri¬ 
ents  transported  away  from  the  Fox  Chain.  The  difference  between  the 
gross  loading  rate  and  the  nutrients  carried  away  from  the  Chain  of  Lakes 
represents  the  amount  of  nutrients  retained  by  the  lakes  or  the  net  load¬ 
ing  rate  of  nutrients  to  the  lake  system.  It  is  seen  that  about  27  per¬ 
cent  of  total  nitrogen  and  37  percent  of  total  phosphorus  applied  to  the 
system  are  retained  in  the  lake  system. 
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TABLE  3.  Nutrient  Loads  Transported  by  the  Fox  River 

and  Other  Tributaries 
(Nutrient  loads  in  kilograms  per  day) 


Ammonia-N 

Nitrate-N 

Total 

nitrogen 

Point 

Nonpoint 

Point 

Nonpoint 

Point 

Nonpoint 

source 

source 

source 

source 

source 

source 

Inflow 

Fox  River 

458 

2428 

4932 

at  Route  173 

Lily  Lake  Drain 

1.4 

6.3 

20 

Nippersink  Creek 

110 

20 

15 

606 

170 

2917 

Sequoit  Creek 

17 

7.7 

15 

9 

47 

21 

Squaw  Creek 

94 

1.4 

6 

70 

158 

102 

Total  nutrient 

221 

488 

36 

3120 

375 

5991 

inflow 

Percentage* 

3.5 

7.  7 

0.6 

49.0 

5. 

9  94.1 

Outflow 

Fox  River 

631 

2149 

4863 

at  Johnsburg 

Diss . 

orthophos . 

Total  phosphorus 

Point 

Nonpoint 

Point 

Nonpoint 

source 

source 

source 

source 

Inflow 

Fox  River 

194 

538 

at  Route  173 
Lily  Lake  Drain 

0.2 

0.  8 

Nippersink  Creek 

56 

1.8 

75 

26 

Sequoit  Creek 

12 

2.7 

17 

11 

Squaw  Creek 

28 

21 

35 

24 

Total  nutrient 

96 

216 

127 

601 

inflow 

Percentage* 

13. 

2  29.7 

17.4 

82.6 

Outflow 

Fox  River 

231 

496 

at  Johnsburg 


* Computed  with  respect  to  total  nitrogen  or  total 


phosphorus 


The  relative  importance  of  the  various  sources  of  nutrient  input  is 
presented  in  Table  5.  In  addition  to  the  values  for  ammonia  nitrogen  and 
nitrate-nitrogen,  percentage  figures  for  total  inorganic  nitrogen  are  also 
given.  These  represent  the  readily  available  form  of  nitrogen  for  bio¬ 
logical  processes.  The  Fox  River  transports  about  70  percent  of  inorganic 
nitrogen,  and  together  with  Nippersink  and  Squaw  Creeks  contributes  about 
93  percent  of  the  total  inorganic  nitrogen.  Also,  these  three  streams 
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TABLE  4.  Nutrient  Balance  for  Fox  Chain  of  Lakes 
(Rates  in  metric  tons  per  year) 


Ammonia-N 

Nitrate-N 

Total 

nitrogen 

Diss . 

orthophos . 

Total 

phosphorus 

Inflow 

Fox  River 

167.1 

886.3 

1800.0 

70. 8 

196.5 

at  Route  173 

Lily  Lake  Drain 

0.5 

2.4 

7.4 

0.1 

0.3 

Nippersink  Creek 

47.3 

226.9 

396.6 

19. 7 

36.9 

Sequoit  Creek 

9.0 

8.6 

24.3 

5.4 

10.1 

Squaw  Creek 

34.9 

27.8 

94.9 

17.7 

21.7 

Fox  Lake 

4.9 

0.5 

7.5 

1.6 

2.4 

Treatment  Plant 

Septic  tank  systems 

6.1* 

6.1* 

16.1 

6.1 

9.1 

Precipitation 

46.9 

20.2 

102.7 

4.4** 

8.9 

Gross  loading  rate 

316.8 

1178.9 

2449.6 

125.9 

285.8 

Outflow 

Fox  River 

230.3 

783.  7 

1774.9 

94.3 

181.0 

at  Johnsburg 

Net  loading  rate 

86.5 

394.6 

674.6 

41.6 

104.9 

Percentage  retained 

27.3 

33.5 

27.5 

33. 1 

36.7 

* Assumed  inorganic  nitrogen  equally  divided 
** Assumed  dissolved  orthophosphorus  50  percent  of  total  phosphorus 


TABLE  5.  Relative  Importance  of  External  Sources 

of  Nutrients,  in  Percent 

Total 


Ammonia-N 

Nitrate-N 

inorganic 

nitrogen 

Total 

nitrogen 

Diss . 

orthophos . 

Total 

phosphorus 

Fox  River 

52.8 

75.2 

70.4 

73.5 

56.3 

68.  7 

at  Route  173 

Lily  Lake  Drain 

0,0 

0.0 

0.2 

0.0 

0.0 

0.1 

Nippersink  Creek 

14.9 

19.3 

18.3 

16.2 

15.6 

12.9 

Sequoit  Creek 

2.8 

0.7 

1.2 

1.0 

4.3 

3.5 

Squaw  Creek 

11.0 

2.4 

4,2 

3.9 

14.0 

7.6 

Fox  Lake 

1.5 

0.0 

0.4 

0.3 

1.3 

0.9 

Treatment  Plant 

Septic  tank 

1.9 

0.5 

0.8 

0.7 

4.8 

3.2 

systems 

Precipitation 

14.8 

1.7 

4.5 

4.2 

3.5 

3.  1 

contribute  about  86  percent  of  the  dissolved  orthophosphorus  with  the  Fox 
River  applying  about  56  percent.  The  impact  of  septic  tank  systems  and 
precipitation  appears  to  be  equal  as  far  as  total  phosphorus  is  concerned. 
Each  contributes  about  3  percent  of  the  total. 
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DISCUSSION 


The  best  available  guidelines  for  relating  the  nutrient  flux  to  water 
quality  in  lakes  were  first  proposed  by  Vollenweider  (1968).  These  guide¬ 
lines  were  used  subsequently  by  several  investigators  (Bartsch,  1972  and 
Gakstatter  et  al.,  1975).  According  to  Vollenweider,  for  lakes  with  mean 
depths  of  5  meters  (16.4  feet)  or  less,  permissible  loading  levels  of 
biochemically  active  nitrogen  and  phosphorus  are,  respectively,  1.0  and 
0.07  g/m2/yr.  For  the  same  average  depth,  loading  rates  greater  than  2.0 
g/m2/yr  for  nitrogen  and  0.13  g/nr/yr  for  phosphorus  are  considered  ex¬ 
cessive  from  a  eutrophication  point  of  view.  The  overall  mean  depth  of 
the  Fox  Chain  of  Lakes  is  1.74  meters;  therefore,  the  guidelines  cited 
by  Vollenweider  are  applicable  to  the  Chain  of  Lakes.  The  loading  rates 
of  total  inorganic  nitrogen  and  dissolved  orthophosphorus  for  the  Chain 
of  Lakes  were  found  to  be  54.0  and  4.5  g/m2/yr,  respectively. 

The  net  loading  rates,  considering  only  the  available  nitrogen  and 
available  phosphorus  retained  in  the  lakes,  were  found  to  be  17.4  and 
1.5  g/m2/yr,  respectively,  for  nitrogen  and  phosphorus.  It  is  seen  that 
even  the  net  loading  rates  of  biologically  active  nitrogen  and  phosphorus 
are  about  ten  times  greater  than  the  excessive  levels  of  nutrient  loading 
rates  suggested  by  Vollenweider.  The  total  nitrogen  and  total  phosphorus 
loading  rates  for  Lake  Mendota  were  reported  to  be  3.10  and  0.17  g/m2/yr, 
respectively,  and  those  for  Lake  Washington  were  31.4  and  1.34  g/m2/yr 
(Vollenweider,  1968).  Lake  Waubesa  in  Wisconsin  was  found  to  have  nutri¬ 
ent  loading  rates  comparable  to  the  rates  observed  for  Fox  Chain  of  Lakes. 
These  three  lakes  were  classified  as  eutrophic. 

The  total  nitrogen  and  total  phosphorus  loading  rates  contributed  to 
the  lakes  by  the  Fox  River  are  65.0  and  7.1  g/m2/yr,  respectively.  The 
Fox  River  inorganic  nitrogen  and  dissolved  orthophosphorus  loading  rates 
amounted  to  38.0  and  2.6  g/m2/yr.  These  loading  rates  are  several  orders 
of  magnitude  larger  than  the  excessive  loading  rate  suggested  by  Vollen¬ 
weider  and  others.  The  importance  of  controlling  nutrient  influx  through 
the  Fox  River  is  apparent.  Efforts  to  minimize  eutrophic  conditions  by 
controlling  all  of  the  other  sources  without  curbing  nutrients  trans¬ 
ported  by  the  Fox  River  would  be  futile. 

Nutrients  entering  a  lake  become  incorporated  in  various  chemical  and 
biological  cycling  processes.  Part  of  the  nutrients  are  utilized  in  the 
metabolism  of  organisms,  i.e.,  phytoplankton,  zooplankton,  vascular  plants, 
and  fish,  and  on  death  and  decay  of  the  organisms  the  nutrients  are  lib¬ 
erated  for  reuse.  Part  of  the  nutrients  remain  in  solution,  part  become 
temporarily  or  permanently  incorporated  in  the  bottom  sediments,  and  part 
flow  out  of  the  lakes.  Part  of  the  nutrients  that  accumulate  in  the  lake, 
after  a  period  of  years,  become  available  in  concentrations  sufficient  to 
support  algal  blooms. 
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Organic  matter,  whether  derived  from  external  sources  or  produced 
internally,  decomposes  and  oxidizes  in  the  aerobic  parts  of  the  lakes. 
Organic  decomposition,  during  periods  of  large  algal  blooms  and  in  an¬ 
aerobic  zones,  occurs  when  the  biological  production  exceeds  the  oxi¬ 
dizing  capacity  of  the  waters.  This  results  in  higher  concentrations 
of  organic  detritus  in  the  bottom  sediments  of  deeper  water  areas. 

Highly  productive  areas  as  in  bays  and  dug  channels,  also  exhibit  ac¬ 
cumulations  of  organic  debris. 

When  anaerobic  conditions  develop  at  the  sediment-water  interface, 
nutrients  contained  in  the  organic  debris  are  released  back  into  the 
water.  Such  'internal  loading'  varies  from  one  water  body  to  another 
and  may  be  very  high  in  certain  specific  cases.  Vollenweider  concluded, 
based  on  his  extensive  studies  of  European  and  North  American  lakes,  that 
internal  loading  is  a  more  serious  threat  to  small  lakes  than  to  big 
lakes,  whereas  external  loading  plays  a  more  important  part  in  bigger 
lakes . 

Vollenweider  (1968)  estimated  sediment  nutrient  release  rates  of 
1.2  and  0.01  g/m2/day  for  ammonia  and  phosphorus,  respectively  under 
anaerobic  conditions.  Fillos  and  Swanson  (1975)  reported  phosphorus  re¬ 
lease  rates  of  1.2  and  26.0  mg/m2 /day  under  aerobic  and  anaerobic  con¬ 
ditions,  respectively,  for  the  Lake  Warner,  Massachusetts,  sediment 
samples.  Sridharan  and  Lee  (1974)  reported  from  laboratory  leaching  ex¬ 
periments  with  Green  Bay  (Lake  Michigan)  sediment  samples  that  release 
rates  of  orthophosphorus  under  anaerobic  conditions  were  much  higher 
than  the  rates  of  release  under  aerobic  conditions.  They  also  found 
that  the  leaching  rates  were  inversely  affected  by  the  presence  of  or¬ 
thophosphorus  in  the  leaching  medium.  They  further  postulated  that 
the  anoxic  orthophosphorus  release  resulted  from  chemical  reactions 
which  are  most  likely  abiotic. 

Nutrient  release,  particularly  that  of  phosphorus  from  sediment,  ap¬ 
pears  to  have  a  significant  bearing  on  the  productivity  of  lakes  especially 
those  that  experience  thermal  stratification.  Peterson  et  al.  (1974)  re¬ 
ported  on  a  lake  restoration  experience  with  Snake  Lake  in  Wisconsin. 
Dilution  and  flushing  of  the  lake  basin  was  tried  as  a  restoration  tech¬ 
nique,  by  induction  of  low  nutrient  groundwater  flow.  They  established 
that  the  equilibration  with  lake  bottom  sediments  could  easily  supply  the 
dissolved  nutrients  observed  in  the  lake  and  concluded  that  dilution 
coupled  with  other  management  techniques  like  nutrient  inactivation, 
dredging,  etc. ,  may  be  necessary  to  achieve  long-lasting  satisfactory 
results . 

Anoxic  conditions  in  the  Fox  Chain  of  Lakes  exist  in  the  areas  where 
the  depth  of  water  columns  exceeds  4.58  meters.  From  the  depth-area  rela¬ 
tionships  developed  for  the  lakes,  the  areal  extent  of  the  lake  system 
with  water  depths  greater  than  4.58  meters  at  normal  pool  level  was  esti¬ 
mated  as  178  hectares.  Assuming  a  phosphorus  release  rate  of  10  mg/m2/day 
(Vollenweider,  1968)  under  anaerobic  conditions,  the  amount  of  phosphorus 
released  from  the  sediments  to  the  overlying  waters  during  the  5-month 
period  of  thermal  stratification  is  estimated  to  be  2.673  x  106  grams  or 
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approximately  5900  pounds.  This  alone  results  in  a  phosphorus  loading 
rate  of  0.1  g/m2/yr  for  the  entire  lake  system.  The  loading  rate  approach¬ 
es  the  excessive  loading  rate  from  eutrophication  viewpoint  suggested  by 
Vollenweider  (1968).  Phosphorus  recycled  from  the  sediments  in  deep  wa¬ 
ter  areas  of  the  Fox  Chain  of  Lakes  alone  appears  to  be  adequate  for  sus¬ 
taining  algal  blooms  for  a  long  period  of  time. 
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ABSTRACT 


Vesicular  follicles  were  counted  and  measured,  and  se¬ 
rum  estradiol-1 7B  (E2)  concentrations  determined  for  sexually 
immature,  anestrous,  estrous  and  postcoitum  female  prairie 
voles.  Based  on  diameter  measurements,  follicles  were  largest 
in  estrous  females,  intermediate  in  anestrous  females  and 
smallest  in  immature  females.  The  serum  E2  level  was  40 
pg/ml  in  anestrous  females  and  78  pg/ml  in  the  estrous  group. 
In  the  postcoitum  group,  the  estradiol  level  declined  to  57 
pg/ml.  Data  from  this  study  indicate  that  a  relationship  exists 
between  follicle  diameter  and  serum  estradiol  level,  and  that 
either  follicle  diameter  or  serum  estradiol  level  can  be  used  as 
a  reliable  indicator  of  the  reproductive  status  of  females  in 
this  species. 


INTRODUCTION 


The  prairie  vole  Microtus  ochrogaster  ochrogaster  is  a  reflex  ovulator  and  has 
been  reported  to  show  male-induced  estrus  (Christenson,  1969;  Richmond  &  Conway, 
1969).  In  the  laboratory,  females  housed  in  isolation  from  males  remain  anestrus  for 
extended  periods  (Christenson,  1969).  However,  we  have  observed  that  females 
induced  to  heat  and  maintained  as  described  by  Shepherd  (1970a)  but  not  allowed  to 
copulate,  will  show  continuous  estrous  behavior  for  as  long  as  45  consecutive  days. 
Exposure  of  anestrous  females  to  males  results  in  follicular  growth,  and  following 
coitus,  the  vesicular  follicles  undergo  preovulatory  changes  including  swelling,  and 
ovulate  within  9-12  hours  (Christenson,  1969).  Breed  <$c  Clarke  (1970)  reported  that 
in  M.  agrestis,  the  vesicular  follicles  do  not  increase  in  diameter  postcoitum. 

Studies  aimed  at  measuring  estrogen  concentration  in  the  blood  of  laboratory 
mammals  during  the  estrous  cycle  have  been  conducted  primarily  using  animals 


1.  Present  address:  Chicago  College  of  Osteopathic  Medicine,  Chicago,  IL 
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which  ovulate  spontaneously.  In  such  animals,  the  maturational  changes  w^hich  the 
follicles  undergo,  proceed  without  interruption  to  ovulation,  and  therefore,  cannot 
be  studied  separate  from  preovulatory  changes.  In  contrast,  the  extended  anestrus, 
male  induced  estrus  and  reflex  ovulation  make  the  prairie  vole  an  ideal  model  by 
which  to  correlate  maturational  changes  in  the  follicular  system  with  changes  in 
blood  hormone  levels. 

The  objective  of  this  study  was  to  measure  serum  E 2  content  during  different 
phases  of  follicular  development.  This  experiment  was  designed  to  test  the 
hypothesis  that  a  quantitative  relationship  exists  betwen  serum  E 2  concentration 
and  the  diameter  of  vesicular  follicles  in  this  species. 

MATERIALS  AND  METHODS 

Twenty-five  virgin  females  from  a  colony  maintained  as  described  by  Aut 

(1971)  were  randomly  assigned  to  5  groups:  prepuberal  (23  days  of  age),  anestrous, 

estrous,  post  coiturn  (p.c.)  and  21-day  ovariectomized.  Females  assigned  to  the 

estrous  and  p.c.  groups  were  induced  to  heat  as  reported  by  Shepherd  (1970a),  and 

females  in  the  latter  group  were  killed  48  hr.  p.c.  Prior  to  sacrificing,  blood  was 

collected  via  cardiac  puncture  from  5  females  of  each  group,  and  centrifuged  and 

the  sera  pooled.  Radioimmunoassay  for  serum  E2  using  the  single  antibody 

technique  described  by  Orcyzk  et  al.  (1974)  was  performed  using  the  pooled  sera. 

The  antibody  to  E9  was  obtained  from  Dr.  Gordon  D.  Niswender  (Colorado  State 

^  3 

University)  and  the  1,  2,  6,  7  -  (H)  •  E2  from  New  England  Nuclear  Corporation 
(Vv'orchester,  Mass.).  A  1:15,000  dilution  of  antibody  yielded  40  -  50%  binding  with 
1,  2,  6,  7  -  3(H)* E2  (ca.  15,000  CPM).  The  assay  was  sensitive  to  E2  values  above  2.5 
pg/0.2  ml  serum.  The  calculated  variation  between  assays  was  17.1%  and  the  mean 
recovery  80%. 

Ovaries  were  removed  from  an  additional  forty  females  (10  in  each  group), 
fixed  in  Baker's  formol  and  prepared  by  standard  paraffin  procedures  for  micro¬ 
scopic  examination.  The  ovaries  were  serially  sectioned  at  10  yum  and  stained  with 
Mallory's  Triple  (Humason,  1972).  The  number  of  non-atretic  vesicular  follicles 
(Mossman  &  Duke,  1973)  was  recorded  and  the  diameters  were  measured  according 
to  Breed  (1969),  except  that  only  the  longest  axis  through  each  follicle  was 
measured.  Measurements  were  made  by  projecting  the  sections  of  each  ovary  on  the 
screen  of  a  Nikon  Projector  (Nikon  Model  60)  and  measuring  the  section  with  the 
greatest  diameter. 
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RESULTS 


Data  obtained  on  follicle  diameter  showed  that  this  criterion  may  be  used  to 
assess  the  reproductive  state  of  female  M.  o.  ochrogaster  as  suggested  by  Shepherd 
(1970b).  Prepuberal  females  were  characterized  by  the  presence  of  Class  I  follicles 
only.  Anestrous  females  were  distinguished  by  the  presence  of  Class  I  and  II 
follicles  and  by  the  absence  of  Class  III  follicles.  Estrous  females  were  the  only 
group  that  had  Class  III  follicles  (Table  1).  The  serum  E0  concentration  paralleled 
the  degree  of  maturation  by  the  follicles.  Serum  E9  levels  in  ovary-intact  females 
were  highest  during  estrus  and  lowest  in  the  prepuberal  group  (Table  1).  The  degree 
of  follicle  maturation  based  on  diameter  showed  a  similar  pattern. 


Table  1 


The  concentration  of  serum  estradiol-1713  and  the 
of  follicles  in  Classes1  I,  II  and  III 


mean  number 


Group  Estradiol-1 7JB(pg/ml)  I 


Ovariectomized 

12.65 

Prepuberal 

25.65 

Anestrous 

40.90 

Estrous 

78.30 

Postcoitum 

57.70 

10 . 2±0 .48 
4 . 8±0 . 76 
0 

3.4±0.67 


No.  of  Follicles 
II 


0 

1 . 6±0 . 94 
1.610.56 
2.210.37 


III 


0 

0 

3.8610.71 

0 


^Diameter  ranges  of  Classes  were:  290-450yum  for  Class  I  ;  451-650ijm  for  Class  II, 
651-1050yum  for  Class  III. 


DISCUSSION 


Follicles  of  prepuberal  voles  ordinarily  do  not  show  a  capacity  towards 
complete  growth  and  maturation  based  on  diameter.  However,  Shepherd  (1970a) 
showed  that  follicles  of  prepuberal  females  matured  and  ovulated  when  the  animals 
were  injected  with  pregnant  mare’s  serum  gonadotropin  followed  by  human  chorionic 
gonadotropin.  In  the  present  study,  the  serum  E9  concentration  in  the  prepuberal 
group  suggests  that  the  prepuberal  ovary  does  secrete  some  estrogen  since  the  E2 
concentration  in  this  group  was  twice  that  seen  in  the  ovariectomized  females. 
Whether  the  estrogen  was  secreted  by  the  population  of  small  vesicular  follicles  or 
interstitial  cells  of  the  ovary  was  not  established. 
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Sexually  mature  anestrous  females  in  contrast  to  prepuberal  females  had  a 
population  of  larger  Class  II  folicles  and  a  concomitant  increase  in  serum  E^  level. 
Evidently,  the  increase  in  follicle  growth  and  circulating  estrogen  level  was 
associated  with  maturation  of  the  hypothalamic-pituitary-ovarian  axis.  Theca 
interna  cells  were  common  in  the  Class  II  follicles  and  may  have  been  the  source  of 
the  increased  estrogen. 

The  observation  that  anestrous  females  showed  increased  follicular  growth  and 
increased  serum  E^  levels  when  exposed  to  males  illustrates  the  importance  of 
social  factors  in  estrus  induction  in  this  species.  The  large  Class  III  follicles  which 
characterized  estrous  females  apparently  secrete  copious  quantities  of  estrogen 
since  the  serum  E 2  level  in  the  estrous  group  was  nearly  twice  that  of  the  anestrous 
group. 

Females  in  the  postcoitum  group  had  follicles  in  Classes  I  and  II  but  lacked 
those  of  Class  III.  This  suggests  that  the  Class  III  follicles  of  estrous  females  were 
the  target  population  of  follicles  which  ovulated  following  copulation.  The  decline 
in  serum  E^  concentration  in  the  postcoitum  females  is  in  accord  with  findings  on 
the  rabbit  (Hillard,  1973),  also  a  reflex  ovulator. 
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Fifty- two  species  of  lichens,  representing  14 
families  and  24  genera,  were  collected  from  the 
Panther  Creek  area  near  Scottville  in  Macoupin  County, 
Illinois.  Three  of  these  species,  Lecidea  lurida 
(Dill)  Ach.,  Leptogium  dactylinum  Tuck,  and  Parmelia 
plittii  Gvelm.,  are  uncommon  or  rare  in  the  state. 

The  lichen  flora  of  this  area,  although  not  unique 
.  for  the  state,  is  unusual  for  this  highly  agricultural 
region  of  central  Illinois. 


The  area  two  miles  northeast  of  Scottville  in  Macoupin  County  (Sect. 
11  T12N  R8W)  is  known  to  local  residents  as  "Rockhouse".  This  area  has 
been  dissected  by  the  down-cutting  of  Panther  Creek,  and  now  exhibits 
steep- sided  ravines  and  deep  valleys.  Along  Panther  Creek,  there  are 
numerous  sandstone  outcroppings,  steep  hillsides,  and  dry  sandy  hill¬ 
tops  which  support  oak-hickory  forests  in  which  white  oak,  red  oak, 
black  oak,  and  shagbark  hickory  predominate.  The  outcroppings,  trees, 
and  sandy  soil  provide  favorable  habitats  for  many  species  of  lichens. 

As  a  result  of  this  study,  52  species  of  lichens  representing  14 
families  and  24  genera  were  collected.  Although  none  of  these  represent 
new  additions  to  the  lichen  flora  of  the  state,  all  species  were  not 
previously  reported  for  Macoupin  County.  Three  species,  Leptogium 
dactylinum  Tuck.,  Parmelia  plitii  Gyelm.,  and  Lecidea  lurida  (Dill) 

Ach.,  are  rare  in  Illinois  (Skorepa  1973).  Two  others,  Cladonia  para¬ 
sitica  and  C.  strepsilis,  represent  significant  range  extensions  in 
Illinois.  Both  were  previously  known  only  from  the  extreme  southern 
portion  of  the  state  (Skorepa  1973). 

Specimens  were  identified  using  Hale  (1969),  Fink  (1935),  and 
Skorepa  (1973)  while  nomenclature  follows  Hale  and  Culberson  (1970). 

Cf  the  52  species  of  lichens  collected,  12  were  corticolous, 25  were 
saxicolous,  8  were  terricolcus,  and  6  we re  found  on  a  variety  of  sub¬ 
strates.  In  the  following  list,  the  name  of  each  species  is  followed 
by  a  brief  note  concerning  the  habitat  in  which  it  was  collected,  its 
abundance,  and  the  collector's  field  numbers.  All  specimens  were 
deposited  in  the  herbarium  of  Eastern  Illinois  University,  Charleston, 
Illinois. 
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ANNOTATED  LIST  OF  SPECIES 
COLLEMATACEAE 

Lent opium  dactylinum  Tuck.  On  sandstone  with  mosses;  common.  94,  119, 
138,  140. 


PLACYNTHIACEAE 

Placynthieum  nigrum  (Huds.)  S.  Gray.  On  sandstone;  abundant.  120,  123, 
141. 


FELTIGERACEAE 

Peltigera  canina  (L.)  Willd.  On  Soil;  abundant.  99,  137. 

Peltiqera  polydactyla  (Neck.)  Hoffm.  On  soil;  abundant.  99,  134,  137. 
Peltigera  praetextata  (Florke  ex.  Somm.)  Vain.  On  soil;  infrequent. 

LECIDEACEAE 

Bacidea  schweinitzii  (Tuck.)  Schneid.  On  black  oak;  infrequent.  192. 
Bacidea  trachona  (Ach.)  Lett.  On  sandstone;  common.  125,  200. 

Bacidea  umbrina  (Ach.)  Bausch.  On  sandstone;  common.  125. 

Lecidea  albocaerulescens  (Wulf )  Ach.  On  sandstone;  abundant.  139,  198. 
Lecidea  crustulata  (Ach.)  Spring.  On  sandstone;  common.  131. 

Lecidea  cyrtidia  Tuck.  On  sandstone;  common.  213. 

Lecidea  lurida  (Dill.)  Ach.  On  sandstone  pebbles;  abundant.  226. 
Lecidea  macrocarpa  (DC.)  Steud.  Cn  sandstone;  abundant.  200,  202. 
Rhizocarpon  distinctum  Th.  Fr.  On  sandstone;  abundant.  125. 

Trapelia  coarctata  (Turn,  ex  Sm.)  Choisy.  On  sandstone;  common.  128, 
213. 


CLADCN IACEAE 

Cladina  subtenuis  (Abb.)  Hale  and  W.  Culb.  On  soil;  abundant.  92. 
Cladonia  apodocarpa  Robb.  On  soil;  abundant.  97. 

Cladonia  bacillaris  (Ach.)  Nyl.  On  rotten  log;  common.  205. 

Cladonia  capitata  (Michx.)  Spreng.  On  sandstone  with  soil;  infrequent. 
229. 

Cladonia  chlorophaea  (Florke  ex  Somm.)  Spreng.  On  soil  and  rotten  log; 

abundant.  102,  104,  110,  111. 

Cladonia  cristatella  Tuck.  On  soil;  common.  90. 

Cladonia  cylindrica  (Evans)  Evans.  On  rotten  log;  infrequent.  100. 
Cladonia  furcata  (Huds.)  Schrad.  On  soil;  abundant.  101,  110,  112. 
Cladonia  parasitica  (Hoffm.)  Hoffm.  On  rotten  log;  common.  89,  190, 
204. 

Cladonia  strepsilis  (Ach.)  Vain.  On  soil;  abundant.  91. 
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PHYSCIACEAE 

Heterodermia  tr emu Ians.  On  black  oak  and  white  oak;  common  103,  135. 
Physcia  milleqrana  Degel.  On  most  trees  and  sandstone;  abundant.  114, 
117,  195,  212. 

Physcia  orbicularis  (Neck.)  Poetsch.  On  sandstone;  common.  96,  98, 

124,  131. 

Physcia  stellaris  (L.)  Nyl.  On  black  oak  and  shagbark  hickory;  common. 
131,  197. 

Physcia  tribacoides  Nyl.  On  white  oak;  infrequent.  93,  191,  207. 
Physoconia  grisea  (Lam.)  Poett.  On  sandstone  with  mosses;  common.  98. 
Pyxine  caesiopruinosa  (Nyl.)  Imsh.  On  white  oak;  infrequent.  214. 
Pyxine  sorediata  (Ach.)  Kont.  On  white  oak;  infrequent.  107,  201,  206. 

TELOSCHISTACEAE 

Caloplaca  cerina  (Ehrh.)  Th.  Fr.  On  sandstone;  common.  96,  200. 
Caloplaca  flavovirescens  (Wulf.)  Dalla  Torre  and  Samth.  On  sandstone; 
common.  128,  199. 

Xanthoria  fallax  (Hepp.)  Am.  On  concrete;  infrequent.  133. 

P  ERTU  S ARIACE AE 

Pertusaria  pertusa  (L.)  Tuck.  On  sandstone;  common.  141,  195,  202. 
Pertusaria  valata  (Turn.)  Nyl.  On  red  oak;  infrequent.  115. 

LECANORACEAE 

Lecanora  dispersa  (Pers.)  Somm.  On  sandstone;  ccmmon.  200. 

Lecanora  versicolor  (Pers.)  Ach.  On  sandstone;  common.  226. 

CANDELARIACEAE 

Candelaria  concolor  (Dicks.)  B.  Stein.  On  trees  and  sandstone;  common. 
141,  191,  196. 


PARMELIACEAE 

Parmelia  aurulenta  Tuck.  On  white  oak;  common.  194. 

Parmelia  bolliana  Mull.  Arg.  On  black  walnut;  infrequent.  214. 
Parmelia  caperata  (L.)  Ach.  On  trees  and  sandstone;  abundant.  108, 
195,  209. 

Parmelia  plittii  Gyeln.  On  sandstone;  one  colony.  127. 

Parmelia  rudecta.  Ach.  On  white  oak;  abundant.  95. 

GRAPHIDACEAE 

Gr aphis  scripta  (L.)  Ach.  On  sugar  maple,  blue  beech;  common.  129, 
217. 

VERRUCARIACEAE 

Dermat ocarp on  miniatum  (L.)  Mann.  On  sandstone;  ccmmon.  106. 
Endocarpon  pusillum  Hdw.  On  sandstone;  ccmmon.  96,  120,  121. 
Verrucaria  fu seel la  (Turn.)  Ach.  On  sandstone  pebbles;  abundant.  231. 
Verrucaria  virens  Nyl.  On  sandstone  pebbles;  abundant.  227. 

CLASS  FUNGI  IKPERFECTI 

Lepraria  aeruginosa  (Wigg.)  Sm.  On  sandstone  and  base  of  trees; 
abundant.  193,  202. 
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WOOD  DUCK  RESPONSE  TO  NESTING  BOXES 
PLACED  IN  LOW  QUALITY  HABITAT  ]_/ 

J.F.  Gore,  Recreation-Resource  Management  Branch,  St.  Louis 
District,  U.S.  Army  Corps  of  Engineers 
St.  Louis,  Missouri  63101 

ABSTRACT 


Breeding  wood  duck  use  of  a  large  man-made  reservoir  in 
southern  Illinois  increased  after  83  nest  boxes  were 
placed  in  flooded  dead  timber  habitat.  Boxes  bordering 
open  water  were  used  at  a  higher  rate  than  those  placed 
in  timber.  Ash  was  the  most  prevalent  dead  tree  stand¬ 
ing  after  10  years  of  inundation;  consequently  it  pro¬ 
vided  the  most  suitable  structure  for  nest  boxes. 

INTRODUCTION 


During  the  past  40  years,  numerous  large  impoundments  have  been  created 
in  the  United  States.  These  reservoirs  have  been  constructed  primarily 
by  the  Tennessee  Valley  Authority,  U.S.  Army  Corps  of  Engineers  and  the 
Bureau  of  Reclamation  for  flood  control,  area  economic  development, 
water  supply,  navigation,  irrigation,  recreation  and  fish  and  wildlife 
conservation.  Often  these  water  resources  have  provided  an  oasis  of 
managed  lands  where  the  public  can  hunt,  fish,  enjoy  wildlife  and  the 
out-of-doors  without  trespassing  on  private  property.  Many  projects 
now  have  some  of  the  finest  public  hunting  lands  in  the  United  States. 
Wildlife  management  practices  conducted  by  the  Federal  land  management 
agencies,  often  in  concert  with  state  conservation  agencies,  have  im¬ 
proved  wildlife  production. 

Providing  nest  boxes,  where  natural  cavities  or  den  sites  are  lacking, 
is  a  method  often  employed  to  increase  wildlife  reproduction.  The  St. 
Louis  District,  U.S.  Army  Corps  of  Engineers,  has  used  artificial 
nesting  boxes  for  squirrels  (Sciurus  spp.),  wood  ducks  (Aix  sponsa), 
purple  martins  (Progne  subis) ,  and  blue  birds  (Sialia  sialis)  on  three 
large  man-made  lakes  in  southern  Illinois.  This  report  describes  a  5- 
year  study  of  the  response  of  wood  ducks  to  nest  boxes  placed  in  an 
area  lacking  natural  nesting  cavities. 

Bell  rose  and  McGil vrey  (1966)  voiced  the  need  to  know  more  about  the 
response  of  wood  ducks  to  artificial  nest  structures  throughout  their 


]_/  This  study  was  financed  by  U.S.  Army  Corps  of  Engineers  resource 
management  account  CB  561  05  30  00  0000. 
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range  because  of  the  failure  of  some  wood  duck  nest  box  programs. 

They  suggested  a  study  of  the  response  rate  of  wood  ducks  to  nest  box 
use  in  different  habitats. 

Emphasized  in  this  study  was  a  comparison  of  the  use  of  boxes  at  the 
edge  of  open  water  and  those  located  in  timber  away  from  open  water. 

My  study  was  intended  to  measure  responses  of  wood  ducks  to  nest 
boxes  erected  in  an  area  of  low  wood  duck  use  and  to  document  varia¬ 
tion  of  occupancy  by  type  and  location  of  nesting  structure. 

The  130-ha  study  site  was  on  the  upper  end  of  Carlyle  Lake,  a  15,037- 
ha  project  built  for  flood  control,  navigation,  water  supply,  re¬ 
creation  and  fish  and  wildlife  conservation  (Gore  1972).  Before 
creation  of  the  lake,  the  site  was  an  old  backwater  area  off  the 
Kaskaskia  River,  known  locally  as  Speaker  Lake.  Surrounding  this 
slough  was  a  relatively  young  stand  of  bottom  land  timber.  Pre¬ 
dominant  trees  were  pin  oak  (Quercus  palustris),  silver  maple  (Acer 
saccharinum) ,  willow  (Salix  spp.),  and  ash  (Fraxinus  spp.).  Because 
most  trees  were  less  than  25  cm.  in  d.b.h,  natural  tree  cavities  were 
not  common. 

When  the  basin  was  impounded  in  1967,  the  area  around  Speaker  Lake  slough 
permanently  flooded  and  the  inundated  timber  died.  In  1973,  when  this 
study  was  initiated,  the  flooded  area  was  a  dead  timber  wetland,  with 
Speaker  Lake  making  up  the  center  portion. 

Laurence  Jahn,  Wildlife  Management  Institute;  George  Burger,  Max  McGraw 
Wildlife  Foundation;  Frank  Bellrose,  Illinois  Natural  History  Survey;  and 
Leigh  Fredrickson,  Gaylord  Laboratory,  University  of  Missouri,  reviewed 
this  paper  and  offered  constructive  comments.  Acknowledgement  is  made  to 
Paul  Moore,  Bill  Boyd  and  Merrell  Collins,  Illinois  Department  of  Conser¬ 
vation;  and,  to  Dennis  Foss  and  Robert  Wilkins,  U.S.  Army  Corps  of 
Engineers,  for  assistance  with  inventories.  The  industrial  arts  class 
of  Carlyle  High  School,  the  Mississippi  Valley  Duck  Hunters  of  Bellville, 
Illinois  and  the  Migratory  Waterfowl  Hunters,  Incorporated,  of  Alton, 
Illinois  constructed  and  provided  nest  boxes.  Special  thanks  are  due 
James  Marlen  for  his  continued  interest  and  help  in  organizing  volunteers 
of  the  Mississippi  Valley  Duck  Hunters  in  Illinois  to  assist  in  putting 
up  nest  boxes  and  checking  their  use. 

METHODS  AND  MATERIALS 


Both  wood  and  metal  nest  boxes  were  erected;  the  former  were  of  rough- 
sawed  cypress  and  the  latter  of  galvanized  sheet  metal.  The  construction 
patterns  were  those  recommended  by  Bellrose  and  Crompton  (1972). 

Eighty-three  boxes  (27  wood  and  56  metal)  attached  to  dead  tree  trunks  on 
March  10,  1974,  were  placed  on  willow,  ash,  silver  maple,  and  oak. 
Twenty-nine  boxes,  combination  of  both  wood  and  metal,, were  placed  at  the 
edge  of  Speaker  Lake  while  a  combination  of  54  boxes  of  both  types,  were 
placed  in  flooded  timber.  Most  boxes,  attached  3  meters  above  summer 
pool  level,  were  grouped  as  recommended  by  Bellrose  et  al .  (1964:  675) 

and  averaged  1.5  boxes  per  ha  (3.8  boxes  per  a.).  However,  groups  of 
boxes  were  not  evenly  dispersed  over  the  entire  130-ha  area. 
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Breeding  pair  counts  were  made  from  a  boat,  or  on  foot  if  the  lake  level 
was  too  low,  in  mid  March,  April  and  May  1973  through  1977.  This  pro¬ 
vided  dated  1  year  before  (1973)  and  4  years  after  box  placement.  Each 
survey  was  completed  in  20  to  80  minutes,  depending  on  mode  of  travel; 
average  survey  time  was  about  50  minutes.  Also,  each  wood  duck  nest  box 
was  examined  during  July  from  1974  to  1977.  The  presence  of  down  and 
egg  shells  were  considered  evidence  of  use. 

RESULTS 


The  number  of  wood  duck  pairs  observed  during  mid-March  counts  ranged 
from  2  in  1973,  to  19  in  1976  (Table  1).  The  mid-April  inventories 
ranged  from  1  pair  in  1973, to  15  pairs  in  1977.  Wood  ducks  were  not 
observed  during  the  mid-May  count  in  1973,  while  15  pairs  were  seen 
at  this  time  in  1976.  The  lowest  wood  duck  use  of  the  area  was  in 
1973,  before  nest  boxes  were  installed  while  highest  use  was  in  1976. 
Overall  box  use  varied  from  5  percent  in  1974  to  35  percent  in  1976 
(Table  2).  Wood  boxes  were  used  at  a  higher  rate  than  were  metal 
boxes;  and  in  1974  only  wood  boxes  were  used.  Occupancy  of  wood  boxes 
increased  from  14  percent  in  1974  to  37  percent  in  1975,  58  percent  in 
1976  and  to  62  percent  in  1977.  During  this  time,  use  of  metal  boxes 
was  0  percent,  21  percent,  29  percent  and  21  percent,  respectively . 
Squirrel  predation  occurred  in  a  few  of  the  wood  boxes.  Bell  rose  and 
Crompton  (1972:  12)  recommended  metal  boxes  where  such  problems  are 

expected. 

Twenty-seven  wooden  boxes  were  available  for  2  years;  a  few  were  lost 
because  trees  fell  in  1976  and  1977.  Sixteen  of  the  27  boxes  were  used 
at  least  once  during  the  4  years.  Based  on  available  nest  boxes  per 
year,  there  was  a  potential  88  years  of  use  for  wooden  boxes.  Thirty- 
eight  percent  use  of  wood  boxes  occurred  during  the  4-year  study.  In 
contrast,  metal  boxes  provided  193  box -years  of  potential  use,  and  16 
percent  usage  of  23  boxes  that  were  occupied  at  least  one  nesting  sea¬ 
son  during  the  4  years  was  realized.  The  relationship  between  nest  box 
use  and  location  indicated  that  of  92  box-years  of  potential  use  at 
lake's  edge,  35  box-years  (38  percent)  of  use  occurred.  For  boxes  away 
from  lake's  edge  with  189  potential  years  of  use,  only  30  box-years  (16 
percent)  of  use  occurred. 

Nesting  density  for  the  130-ha  area  ranged  from  one  nest  per  20  ha  in 
1974  to  one  nest  per  5.7  ha  in  1976.  Actual  density  was  greater  because 
boxes  were  placed  in  an  area  of  not  more  than  65  hectares.  The  130-ha 
area  was  determined  to  be  the  maximum  zone  of  influence  that  boxes  might 
reasonably  affect. 

Both  breeding  pairs  and  number  of  wood  duck  nests  increased  during  the 
study.  The  spring  breeding  pair  counts  varied  from  none  in  May  of  1973, 
before  boxes  were  erected,  to  19  in  March  of  1976.  Also,  the  total  num¬ 
ber  of  wood  ducks  recorded  during  the  breeding  season  increased  from 
1973  to  1977.  The  use  of  4  boxes  in  1974  increased  to  23  in  1976. 

Nest  boxes  placed  at  lake's  edge  were  used  at  a  higher  rate  than  boxes 
placed  back  in  flooded  timber.  The  visibility  of  boxes  that  are  exposed 
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on  the  side  facing  open  water  may  have  attracted  the  hen  during  nest 
site  selection.  Although  the  standing  dead  timber  was  not  dense,  tree 
density  was  sufficient  to  obscure  visibility  of  and  impede  access  to  box¬ 
es  placed  in  the  timber.  The  number  of  boxes  available  decreased  from 
83  in  1974  to  55  in  1977  due  to  28  trees  which  fell.  The  most  durable 
tree  for  box  placement  was  ash,  as  it  was  the  most  prevalent  species 
standing  in  1977.  Use  of  boxes  was  high  in  1976  and  1977  even  though 
fewer  boxes  were  available  for  use.  Wood  duck  use  in  the  study  area  as 
reflected  by  both  types  of  measurements.  Tables  1  and  2,  was  highest  in 
1976;  a  slight  decline  was  noticed  in  1977.  This  decline  may  have  been 
due  to  a  general  decrease  of  wood  duck  numbers  and/or  reproduction  effort 
in  1976  and  not  to  local  influences  in  1977.  Float  surveys  (Anonymous 
1977)  in  southern  Illinois  showed  a  decline  in  wood  duck  reproduction 
between  1976  and  1977. 
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TABLE  2.  RESULTS  OF  THE  JULY  WOOD  DUCK  NEST  BOX  INSPECTIONS,  CARLYLE  LAKE,  ILL 
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AMBROSIA  B I DENT AT A  MICHX.  ( ASTERACEAE ) :  AN  EASTERN  RANGE  EXTENSION 

Alan  Haney 

Department  of  Biology,  Warren  Wilson  College 
Swannanoa,  NC  28778 

Steven  Apfelbaum 

Ecological  Research  Services,  312  W.  Genesee  St. 

Iron  River,  MI  49935 
and 

David  S.  Seigler 

Department  of  Botany,  University  of  Illinois 

Urbana,  IL  61801 


ABSTRACT.--  Ambrosia  bidentata  Michx.  is  reported 
for  the  first  time  from  Meade  Co.,  Kentucky;  this 
finding  represents  a  significant  eastern  range  extension 
for  this  species. 


Ambrosia  bidentata  Michx.  (Asteraceae) ,  the  Southern  ragweed, 
is  a  plant  of  prairies  and  roadsides  which  is  well  established  in 
the  south  central  states.  The  plant  is  found  from  Texas  to 
Nebraska  and  Minnesota,  southern  Illinois,  Ohio  and  southward 
along  the  Mississippi  Valley  to  Louisiana  (Mohlenbrock ,  1975; 
Correll  and  Johnston,  1970).  In  Kentucky  it  has  only  been 
reported  from  the  Jackson  Purchase  area  where  it  is  known  from 
Caldwell,  Graves  and  McCracken  Counties  (Meijer,  1972). 

We  recently  encountered  this  low-growing  and  strong  smelling 
plant  on  open  eroded  sites  about  5  miles  SW  of  Muldraugh,  Meade 
County,  Kentucky.  It  was  the  most  common  plant  on  at  least  300 
hectares  of  an  intensively  disturbed  site,  but  appeared  to  be 
absent  from  nearby  old  fields  and  roadsides.  A  voucher  specimen 
has  been  deposited  in  the  University  of  Illinois  Herbarium  (ILL). 

Because  the  plant  is  reproducing  and  almost  certainly 
permanently  established,  it  should  be  considered  as  a  significant 
eastern  range  extension  of  this  midwestern  weed. 
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Southern 


ABSTRACT 


One  testis  and  epididymis  were  examined  from  each  of 
130  gray  foxes  (Urocyon  cinereoargenteus)  collected 
throughout  the  year  in  five  southern  Illinois  coun¬ 
ties.  Spermatozoa  were  found  in  epididymal  ducts 
October  to  June,  but  were  present  in  abundance  only 
December  through  March.  Primary  spermatocytes  along 
with  spermatogonia  were  present  in  testes  throughout 
the  year.  There  was  a  gradual  increase  in  spermato- 
genic  activity  in  September  and  culminating  January 
through  March.  Rapid  regression  of  seminiferous 
tubules  began  in  March  and  was  virtually  complete  by 
April.  A  comparison  of  adults  and  yearlings  during 
January  and  February  showed  no  statistically  signif¬ 
icant  difference  in  spermatogenic  activity;  however, 
epididymal  analysis  during  this  period  suggested 
yearlings  began  spermatogenic  activity  later  than 
adults . 

The  breeding  period  for  gray  foxes  in  southern  Illinois  extends 
from  about  the  last  week  of  January  to  the  end  of  February  (Layne,  1958). 
Females  have  only  one  estrous  cycle  per  year.  Males  become  fertile  ear¬ 
lier  and  remain  fertile  longer  than  females.  Such  an  adaptation  in¬ 
creases  the  probability  for  impregnation  of  most  females  in  the  popula¬ 
tion  from  year  to  year. 

Previous  studies  on  the  male  gray  fox  have  been  concerned  mainly 
with  ascertaining  the  fertile  period  by  examination  of  epididymal  smears 
(Layne,  1958;  Wood,  1958)  and  by  examination  of  testicular  and  epididy¬ 
mal  smears  (Sullivan,  1956)  for  the  presence  of  spermatozoa.  Testes  and 
epididymides  were  examined  in  this  study  since  examination  of  both  or¬ 
gans  is  more  reliable.  Separately,  neither  is  fully  representative  of 
reproductive  condition. 

Most  comparisons  of  sexual  activity  between  adult  and  yearling 
(animals  in  their  first  breeding  season)  males  in  various  mammalian 
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species  were  concerned  with  determining  whether  yearlings  began  and 
ended  gonadal  activity  earlier  or  later  than  adults  (Rowlands  and  Parkes, 
1935;  Ecke,  1955;  Wood,  1958)  and  with  comparing  testis  sizes  of  adults 
and  yearlings  (Stuewer,  1943;  Wright,  1947;  Hoyte,  1955).  My  study  pro¬ 
vides  a  comparative  histological  study  of  testes  of  the  two  age  groups 
during  the  breeding  season  using  statistical  analysis  of  quantitative 
data.  Such  analyses  indicated  whether  spermatogenesis  was  maximal  in 
yearling  foxes,  and  whether  testes  of  adult  foxes  were  more  productive 
due  to  previous  spermatogenic  activity. 

MATERIAL  AND  METHODS 


A  total  of  130  testes  and  epididymides  was  available  from  gray 
foxes  collected  by  shooting  or  trapping  in  five  southern  Illinois  coun¬ 
ties  (Union,  Jackson,  Williamson,  Jefferson,  and  Saline)  during  1955  to 
1967.  Only  adult  and  yearling  age  classes  were  established  based  on 
tooth  wear  (Wood,  1958). 

In  most  cases,  animals  were  frozen  before  reproductive  organs  were 
removed  and  preserved  in  10  percent  formalin;  in  other  cases,  reproduc¬ 
tive  organs  were  fixed  in  formalin  soon  after  collection.  Testes  and 
epididymides  were  embedded  in  paraffin  using  the  standard  technique,  cut 
at  5^,  and  stained  with  hematoxylin  and  eosin. 

One  epididymis  from  each  animal  was  examined  for  the  presence  and 
relative  number  of  spermatozoa.  Only  sections  of  the  cauda  epididymis 
were  examined  for  those  representing  April  through  September.  About  15 
percent  of  the  epididymides  available  October  through  March  had  been 
embedded  previously,  and  no  identification  could  be  made  as  to  what 
portion  of  the  organ  was  being  examined;  other  samples  from  these  months 
were  from  the  cauda  epididymis. 

Relative  size  of  seminiferous  tubules  and  level  of  spermatogenic 
activity,  as  determined  by  the  most  advanced  stage  of  spermatogenesis 
present,  were  recorded  for  one  testis  of  each  animal.  For  specimens 
representing  November  through  April,  10  circular  or  nearly  circular 
cross-sections  of  seminiferous  tubules  from  each  testis  were  selected 
for  counts  of  spermatogenic  stages.  Counts  were  made  of  spermatogonia, 
primary  spermatocytes,  spermatids,  and  spermatozoa.  Besides  spermatozoa 
present  in  the  lumina,  included  in  this  category  were  cells  still  embed¬ 
ded  in  the  Sertoli  cells  but  which  had  the  appearance  of  spermatozoa. 

The  latter  are  considered  by  some  authors  to  be  late  stages  of  sperma¬ 
tids  (Clermont  and  Leblond,  1955). 

Collection  of  quantitative  data  on  stages  of  spermatogenesis  before, 
during,  and  after  the  breeding  season  permitted  accurate  determination 
of  peak  activity  of  testes.  This  information  was  correlated  with  female 
reproductive  activity  as  reported  by  Layne  (1958). 

RESULTS 


Testes 


In  general,  testes  of  gray  foxes  undergo  the  same  morphological 
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changes  as  those  of  other  seasonal  breeders.  During  fall,  full  reacti¬ 
vation  of  seminiferous  tubules  of  adult  males  occurs  while  those  of 
yearlings  begin  full  activity  for  the  first  time.  Seminiferous  tubules 
were  reduced  in  size  and  had  thickened  basement  membranes  April  through 
November.  In  December,  there  was  a  generalized  increase  in  size  of  tu¬ 
bules.  Tubules  attained  greatest  diameter  and  exhibited  maximum  sperma- 
togenic  activity  January  through  March. 

Spermatogonia  were  found  in  testes  throughout  the  year.  There  was 
a  slight  increase  of  spermatogonia  in  one  animal  during  August  but  a 
general  increase  did  not  begin  until  September. 

Number  of  spermatogonia  increased  rapidly  from  November  into  Janu¬ 
ary  after  which  there  was  a  gradual  decline  until  April  (Table  1).  The 
number  in  April  was  slightly  higher  than  in  November  suggesting  that 
there  was  a  further  reduction  through  summer  when  testes  were  less  ac¬ 
tive. 


Primary  spermatocytes  were  present  in  testes  throughout  the  year. 
Although  not  abundant  during  summer,  their  presence  indicated  that 
testes  did  not  become  completely  quiescent  but  continued  activity  at  a 
reduced  rate. 

Testes  of  two  juvenile  foxes  collected  in  July  were  similar  to 
those  of  adults,  including  the  presence  of  primary  spermatocytes  in 
seminiferous  tubules.  Presence  of  primary  spermatocytes  in  these  ju¬ 
veniles  indicated  that  the  testes  of  these  foxes  were  active  about  four 
months  after  birth. 

Spermatids  did  not  appear  in  testes  until  November.  In  four  of 
five  epididymides  examined  in  October,  however,  a  few  spermatozoa  were 
present  in  the  tubules  indicating  that  full  spermatogenesis  had  begun 
possibly  as  early  as  September.  No  cells  beyond  the  primary  spermato¬ 
cyte  stage  were  observed;  perhaps  only  a  few  seminiferous  tubules  were 
active  at  this  time.  Numbers  of  spermatids  increased  rapidly  from  No¬ 
vember  to  a  peak  in  January  and  declined  through  February  and  March 
(Table  1). 

Spermatozoa  were  found  in  testes  from  November  through  April.  From 
April  through  July  these  were  present  only  as  debris  due  to  sloughing 
of  the  germinal  epithelium. 

Number  of  spermatozoa  increased  rapidly  from  November  to  December 
and  continued  to  increase  gradually  to  a  peak  in  March  (Table  1) •  Be¬ 
cause  the  difference  in  means  between  February  and  March  was  small 
(16.6)  the  period  of  February-March  was  considered  the  peak.  The  re¬ 
sults  show,  therefore,  that  maximum  production  coincided  with  the  peak 
of  the  breeding  season  and  extended  one  month  beyond  it.  From  March 
into  April  there  was  a  sharp  decline  in  numbers  of  spermatozoa  due  to 
decline  in  spermatogenic  activity. 

Epididymides 

Although  spermatozoa  were  found  in  epididymal  tubules  from  October 
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Table  1.  The  number  of  cells  representing  four  stages  of  spermatogenesis  in  adult  and 
yearling  gray  fox  testes,  November  through  April.  The  data  indicate  the 
number  of  cells  occurring  in  10  5^-thick  cross-sections  of  seminiferous 
tubules . 
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April  2  299.5  -  97.5  153.0  -  85.0  202.0  -  77.5  569.0  -  155.0 


through  June,  they  were  abundant  only  during  December  through  March. 

Only  animals  from  the  latter  period  were  considered  fertile.  With  the 
exception  of  one  fox  collected  in  April,  it  was  doubtful  that  represen¬ 
tatives  from  October -November  and  April-June  were  fertile,  because  only 
a  few  spermatozoa  were  present  in  epididymides. 

Comparison  of  Adults  and  Yearlings 

A  comparison  of  number  of  cells  representing  stages  of  spermato¬ 
genesis  of  adults  and  yearlings  for  January  and  February  yielded  no 
significant  differences  in  means  (P>0.05)  using  the  t-test.  There  was 
great  individual  variation  among  animals;  but,  nothing  could  be  correla¬ 
ted  with  age  or  previous  reproductive  activity. 

A  difference  between  adults  and  yearlings  in  the  quantity  of  sper¬ 
matozoa  in  the  epididymides  was  evident.  Combined  data  for  January  and 
February  showed  that  12.5  percent  of  adults  and  27.0  percent  of  year¬ 
lings  had  relatively  few  spermatozoa  in  epididymides.  This  indicated 
that  a  greater  number  of  yearlings  showed  delayed  spermatogenic  activity 
than  adults  as  in  the  absence  of  frequent  copulations,  few  spermatozoa 
in  the  epididymis  suggests  delayed  onset  of  spermatogenic  activity 
(Martan,  personal  communication).  Also,  more  yearlings  had  fewer  sper¬ 
matozoa  in  epididymides  in  February  (33.3  percent)  than  in  January  (22.2 
percent) ,  while  the  number  of  adults  showing  similar  conditions  was  the 
same  for  both  months  (12.5  percent). 

DISCUSSION 


Testes 


Spermatogenesis  is  a  lengthy  process,  requiring  39  and  50  days  in 
the  rabbit  and  ram,  respectively  (Nalbandov,  1964) ,  and  about  74  days  in 
man  (Heller  and  Clermont,  1964).  No  information  is  available  on  the 
period  of  spermatogenesis  in  the  gray  fox,  but  it  can  be  assumed  to  be 
somewhat  similar  to  the  above  species.  This  study  showed  that  for  the 
gray  fox  spermatogenesis  was  well  under  way  in  November  which  is  approx¬ 
imately  2-1/2  months  prior  to  initiation  of  the  breeding  season.  Sper¬ 
matogonia,  primary  spermatocytes,  and  spermatids  reached  their  highest 
numbers  just  prior  to  or  during  the  breeding  season.  Spermatozoa  peaked 
during  and  immediately  after  the  breeding  season.  The  high  numbers  of 
spermatozoa  observed  during  December  through  March  coincided  with  the 
male  fertile  period  determined  by  the  large  numbers  of  spermatozoa  in 
epididymides  during  this  period. 

Spermatogenesis  declined  quickly  after  the  breeding  season.  Al¬ 
though  cells  could  be  counted  in  April,  regression  of  seminiferous 
tubules  and  sloughing  of  germinal  epithelium  had  begun  in  most  cases. 

Occurrence  of  primary  spermatocytes  in  testes  throughout  the  year 
was  unusual.  It  has  been  generally  accepted  that  a  testis  in  the  qui¬ 
escent  state  shows  only  spermatogonia  in  seminiferous  tubules  (Bloom 
and  Fawcett,  1968).  Spermatocytes  evident  throughout  the  year  indicated 
that  gray  fox  testes  continued  spermatogenic  activity  at  a  reduced 
state.  Though  not  previously  recorded  for  the  gray  fox,  Rowlands  and 
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Parkes  (1935)  reported  primary  spermatocytes  in  testes  of  a  red  fox 
(Vulpes  vulpes)  in  August. 

It  has  been  demonstrated  in  white-tailed  deer  (Qdocoileus 
virginianus) ,  another  seasonal  breeder,  that  the  process  of  spermato¬ 
genesis  can  be  maintained  at  the  primary  spermatocyte  stage  for  several 
months  (Robinson  et  al.,  1965),  as  shown  for  the  gray  fox  in  this  study. 
These  authors  described  it  as  the  "primary  developmental  state",  char¬ 
acterized  by  presence  of  spermatogonia  and  primary  spermatocytes  but  few 
cells  of  more  advanced  stages.  This  condition  in  deer  is  not  character¬ 
istic  of  the  quiescent  state  but  is  intermediate  between  it  and  the 
stage  of  full  spermatozoa  production. 

Epididymides 

Presence  of  large  numbers  of  spermatozoa  in  epididymides  December 
through  March  identified  this  time  as  the  fertile  period  for  male  gray 
foxes.  These  4  months  bracketed  the  fertile  period  of  females 
identified  by  Layne  (1958)  as  late  January  through  February.  Male  fer¬ 
tility  during  this  time  would  increase  the  probability  that  a  female 
could  be  impregnated  should  she  come  into  heat  prior  to  or  after  the 
usual  breeding  cycle. 

Most  epididymides  from  March  contained  great  numbers  of  spermatozoa 
while  in  April  only  one  animal  had  a  sufficient  number  to  be  considered 
fertile.  Layne’ s  (1958)  data  showed  that  no  matings  occurred  after  Feb¬ 
ruary.  If  this  is  generally  true,  the  drastic  reduction  in  numbers 
of  epididymal  spermatozoa  from  March  to  April  cannot  be  explained  by 
repeated  copulations.  Reduction  of  spermatozoa  could  have  resulted  from 
spontaneous  ejaculations  or  voidance  with  urine.  Dissolution  of  sper¬ 
matozoa  in  the  epididymis  was  not  a  probable  explanation  as  in  the 
laboratory  rat  4  months  were  required  for  this  to  occur  (MacMillan, 

1954) .  Occurrence  of  spermatozoa  in  urine  of  male  arctic  foxes  during 
the  breeding  season  in  northern  Alaska  was  noted  by  the  author  when 
urine  was  collected  with  a  catheter. 

Comparison  of  Adults  and  Yearlings 

Statistical  comparison  of  numbers  of  cells  representing  the  four 
stages  of  spermatogenesis  yielded  no  differences  between  adult  and 
yearling  foxes.  Ecke  (1955)  found  similar  results  in  the  cottontail 
(Sylvilagus  floridanus  mearnsi).  Level  of  spermatogenesis  during  the 
breeding  season  of  the  gray  fox,  therefore,  was  not  influenced  by  age 
or  previous  spermatogenic  activity.  Testes  of  adult  males  were  not  more 
prolific  than  those  of  animals  entering  their  first  reproductive  season. 

Fewer  spermatozoa  in  epididymides  of  yearling  males  than  in  adult 
males  during  January  and  February,  strongly  suggested  that  yearlings 
began  spermatogenesis  later  than  adults  or  that  testes  of  yearlings  were 
slower  to  reach  full  activity  during  the  months  preceding  the  breeding 
season.  Either  occurrence  could  reduce  the  number  of  spermatozoa  avail¬ 
able  to  fill  the  epididymis  even  though  the  rate  of  spermatogenesis 
during  January  and  February  was  equivalent  to  that  of  adult  males.  Lack 
of  sufficient  samples  of  the  two  age  groups  during  the  fall  precluded 
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verification  of  either  possibility.  Starkov  (cited  by  Asdell,  1964, 
p.  438)  reported  that  testicular  development  of  yearling  red  foxes 
lagged  that  of  mature  males. 

Various  studies  (Richards  and  Hine,  1953;  Layne,  1958;  Wood,  1958; 
Lord,  1961)  showed  that  48-69  percent  of  gray  fox  populations  consisted 
of  subadult  or  yearling  animals.  Wood  (1958)  also  found  that  92.3  per¬ 
cent  of  yearling  females  produced  litters  or  showed  definite  signs  of 
sexual  maturation.  Based  on  the  generally  accepted  monogamous  behavior 
of  gray  foxes  and  evidence  that  sex  ratios  do  not  vary  significantly 
from  50:50  (Richards  and  Hine,  1953;  Layne,  1958;  Wood,  1958),  it  ap¬ 
pears  that  yearling  male  gray  foxes  are  necessary  to  mate  with  the 
available  females  in  the  population.  It  is  biologically  sound,  there¬ 
fore,  that  the  majority  of  yearling  males  be  as  fecund  as  adults  during 
the  breeding  season  as  found  in  this  study. 
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ABSTRACT 


The  diverse  microhabitats  of  Lusk  Creek  Canyon 
Nature  Preserve  in  Pope  County,  Illinois  support 
a  luxurious  hepatic  and  anthocerote  flora  comprising 
48  taxa.  Three  of  these  taxa,  namely,  Jungermannia 
fossombronioides  Aust , ,  Lejeunea  laetivirens  Nees  8 
Mont,  and  Marsupella  emarginata  CEhrh.)  Dum. ,  are 
reported  for  the  first  tine  from  Illinois  and  18 
are  reported  for  the  first  time  from  the  Lusk  Creek 
area.  Earlier  reports  of  Frullania  brittoniae 
Evans,  Porella  platyphylla  (L.)  Pfeiff.,  Cephalozia 
bicuspidata  (L.)  Dum.  and  Plectocolea  hyalina 
(Lyell)  Mont,  in  the  flora  are  not  verified  in  this 
study . 


INTRODUCTION 


Lusk  Creek  Canyon  Nature  Preserve  is  located  in  north-central  Pope 
County,  approximately  18  miles  south  of  Harrisburg  and  4  miles  northeast 
of  Eddyville.  The  125  acres  of  the  preserve  lie  in  the  Greater 
Shawnee  Hills  Section  of  the  Interior  Low  Plateau  Province  (Flint,  1928) 
and  provide  two  distinct  types  of  unglaciated,  maturely  dissected 
topography.  From  its  origin  at  an  elevation  of  250  m,  Lusk  Creek  flows 
15  miles  southeasterly  through  erosion -resistant  Pennsylvanian  strata 
of  Caseyville  and  Abbott  formations  (Dyroff,  1972)  to  easily  eroded 
Mississippian  strata  of  the  Chester  series  in  the  southern  part  of  the 
watershed.  It  merges  with  the  Ohio  River  at  Golconda  at  95  m  meanpool 
elevation.  The  northwestern  part  of  the  area  is  consequently  charac¬ 
terized  by  a  deep,  narrow  gorge,  the  precipitous  walls  of  which  may 
rise  60  m  above  the  narrow,  free-flowing  creek.  Just  below  its  confluence 
with  Bear  Branch,  the  creek  makes  a  right  angle  turn  and  produces  bluffs 
with  a  moist  northern  and  a  drier  southern  exposure  respectively.  These 
extend  for  approximately  615  m  along  the  stream,  A  sharp  "Hairpin 
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Meander"  returns  the  flow  to  a  typically  southern  direction  and  shaded 
east -we st  canyon  walls  are  produced. 

From  the  Bear  Branch  confluence  to  the  Hairpin,  the  bluff  tops 
are  characterized  by  typical  hill  prairie  vegetation  (Voigt  and  Mohlen- 
brock,  1964;  Hopkins,  1969),  which  grades  into  oak-hickory  upland  woods. 
The  shaded  vertical  sandstone  conglomerate  near  the  creek  supports 
numerous  hepatics  and  mosses.  Approximately  325  m  south  of  the  Hairpin, 
near  a  shelter  bluff  known  as  "Indian  Kitchen,"  the  creek  bed  broadens 
and  rocky,  often  inundated,  soils  lie  between  it  and  more  sloping, 
bryophyte-covered  sandstone  outcrops. 

Further  south,  me sic  midslope  woods,  dominated  by  Acer 
saccharum  Marsh , ,  Fagus  grandif olia  Ehrh . ,  Liriodendron  tulipifera  L . , 
Carya  cordiformis  TT7ang.TT<L  Koch,  and  Carya  ovalis  (V7ahg . )  Sarg . , 
extend  beyond  the  silt-covered  entrenchment  walls  of  a  widening  valley. 
Indeed,  Martha’s  Woods,  which  lies  along  Little  Lusk  Creek,  one  and  one- 
half  miles  east  of  the  Hairpin  area,  represents  an  original,  still 
undisturbed  community  of  this  same  type.  Throughout  the  forest  are 
huge  slump  blocks  of  Caseyville  and  Abbott  sandstone  formation  (Dyroff , 
1972),  seemingly  produced  by  the  advance  of  the  Illinoian  Glacier, 
which  terminated  15  miles  north  of  the  Lusk  Creek  area.  Although 
most  exposed  rock  surfaces  in  the  canyon  area  are  sandstone,  occasional 
shale  and  limestone  exposures  may  also  be  encountered,  especially 
from  Indian  Kitchen  south  to  Rose  Ford  and  Copperous  Branch. 

Overall,  the  area  is  characterized  by  hot  summers, 
moderate  winters  and  well-distributed  rainfall  (Ashby,  1968). 
Heavy,  moisture-laden  fogs  frequently  develop  in  the  narrow 
gorge  of  the  Bear  Branch  and  Hairpin  regions;  such  conditions 
generate  a  cool  (24°  -  26°  C),  moist  microhabitat  near  the 
base  of  the  canyon  walls,  even  when  summer  temperatures  on 
the  nearby  south-facing,  cactus-inhabiting  bluff  tops  reach 
38°  C. 

Thus,  within  the  Lusk  Creek  watershed  are  a  multitude 
of  microenvironmental  regimes,  all  of  which  have  been  more 
or  less  devoid  of  human  modification.  Diverse  organisms 
occupy  these  habitats,  including  13  species  of  native 
orchids  (Hopkins,  1969)  and  a  lichen  flora  of  more  than  200 
taxa  (Skorepa,  1966).  Other  studies  have  shown  that  such 
areas  in  other  locations  of  Southern  Illinois  also  possess 
a  highly  diverse,  often  relict  bryophyte  flora  (Skorepa,  1968; 
Stotler,  1976  ;  West  and  Stotler ,  19  77) . 

This  study  was  undertaken  as  part  of  The  Lusk  Creek 
Biological  Investigations  of  Southern  Illinois  University 
to  verify  the  floristic  richness  of  hepatics  and  anthocerotes 
in  the  preserve.  Two  hundred  and  eighty  collections  of 
liverworts  and  hornworts  were  critically  examined,  including 
specimens  collected  by  Hatcher  in  the  1950 rs,  Skorepa,  and 
Sharp  and  Skorepa  in  the  1960's,  and  personal  collections 
made  during  numerous  sampling  trips  during  the  1970' s. 


All  specimens,  with  appropriate  annotations,  are  deposited 
in  the  herbarium  of  Southern  Illinois  University  [SIU-C]. 

RESULTS  AND  DISCUSSION 


In  this  manner,  47  species  of  hepatics  and  1  hornwort 
taxon  have  been  identified  in  the  Lusk  Creek  Canyon  flora. 

This  compares  to  32  species  occurring  in  Little  Grand  Canyon, 
Jackson  County  (Stotler,  1976),  21  species  found  in  Panther's 
Den,  Union  County  (West  and  Stotler,  1977)  and  34  species 
reported  by  Skorepa  (1968)  for  Lusk  Creek  in  his  treatment 
of  liverworts  of  Southern  Illinois.  It  should  be  noted  that 
4  species  reported  by  Skorepa,  namely,  Frullania  brittoniae 
Evans,  Porella  platyphylla  (L.)  Pfeiff.,  Cephalozia 
bicuspidata  (L. )  Dum. ,  and  Plectocolea  hyalina  (Lyell) 

Mitt.  [=  Jungermannia  hyalina  Lyell],  were  based  on 
misidentif ied  specimens  and  consequently  have  been  deleted 
from  the  flora. 

Of  the  48  taxa  presently  recognized  in  the  canyon,  18 
are  reported  for  the  first  time  from  Lusk  Creek  and  three 
are  reported  for  the  first  time  from  Illinois.  In  the 
checklist  which  follows,  taxa  which  are  reported  for  the 
first  time  from  the  Lusk  Creek  region  are  designated  by  *, 
while  those  being  reported  for  the  first  time  from  Illinois 
are  designated  by  *  *.  Nomenclature  utilized  in  the  following 
list  is  as  described  in  the  most  recent  checklist  of  American 
liverworts  and  hornworts  (Stotler  and  Crandall-Stotler ,  1977). 


Checklist  of  Taxa  in  Lusk  Creek 
Nature  Preserve ,  Arranged  Alphabetically 

Division  Anthocerotophyta  (Hornworts) 

1*  Phaeoceros  laevis  (L.)  Prosk.  -  Common  on  soil  along 
creek;  Skorepa  3417. 

Division  Hepatophyta  (Liverworts) 


2. 


Asterella  tenella  (L.)  Beauv.  -  Common  on 
with  sedges,  on  the  xeric  sandstone  bluff 
sandy  soil  at  the  base  of  the  west-facing 
Skorepa  2177 ;  Stotler  1191. 


soil  mixed 
tops,  or  on 
canyon  walls; 


3.  Bazzania  tr ilobata  (L. )  S.  Gray  -  Locally  abundant  on 
soil  at  the  base  of  moist  and  shaded  sandstone  outcrops 
in  mesic  woods;  Skorepa  3775. 


"  4.  Calypoge  j  a  muelleriana  (Schiffn. )  K.  Mull.  -  Common  in 
moist  crevices  or  along  the  base  of  the  vertical  sand¬ 
stone  bluffs  in  the  canyon;  the  most  widespread 
species  of  Calypogeja  in  southern  Illinois;  Skorepa  2184; 
Stotler  1192  3  1194 ,  Il963  1203 3  1217  3  1225 3  1505 3  24003  240l3 
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2402 ,  2403 ,  3243 ,  3244,  3245,  3246,  3278. 


This  species  may  be  difficult  to  distinguish  from 
Calypoge j a  trichomanis  (L.)  Corda  l-  C.  f issa  auct . , 
non  C .  trichomanis  auct.  (Stotler  and  Crotz,  1979)]. 

In  general,  it  may  be  recognized  by  its  broadly  ovate 
to  suborbicular  leaves  and  orbicular,  simply  bifid 
underleaves,  as  compared  to  the  narrowly  ovate, 
usually  emarginate  leaves  and  marginally  angulated 
underleaves  of  C.  trichomanis  (L.)  Corda.  In  southern 
Illinois,  C.  muelleriana  is  frequently  mixed  with 
Scapania  nemorosa  (L. 3  Dum.  and  Diplophyllum  apiculatum 
(Evans)  Steph. 

5.  Calypoge j  a  sullivantii  Aust.  -  Occasional  in  protected 
overhangs,  mixed  with  Calypogeja  muelleriana,  on  vertical 
sandstone  in  the  narrow  parts  of  the  canyon;  Stotler  1195, 
1207. 

This  essentially  Appalachian  species  is  distinguished  by  its 
bisbifid  under leaves  and  delicate  verruculae  on  the  leaf  cell 
surfaces . 

6.  Calypogeja  trichomanis  (L. )  Corda  [  =  Calypogeja  fissa  auct.  and 
Calypogeja  fissa  (L.)  Raddi  subsp.  neogaea  Schust. ,  non 
Calypogeja  trichomanis  auct.  (Stotler  and  Crotz,  1979)]  -  Rare,  at 
the  base  of  sandstone  outcrops  in  mesic  woods,  frequently 
covered  by  leaf  litter;  Skorepa  3381. 

Often  confused  with  C^  muelleriana ,  this  species  may 
be  distinguished  by  its  more  elongate  leaves  and  its 
angulated  underleaves. 

7.  Cephalozia  catenulata  (Hub.)  Lindb.  -  Rare  on  sandstone 
bluff  near  shale  overhang ;  Stotler  1218. 

8.  Cephalozia  connivens  (Dicks.)  Lindb.  -  Rare,  on  vertical 
shaded  sandstone;  Skorepa  and  Sharp  4031. 

9.  Cephalozia  lunulifolia  (Dum. )  Dum.  -  Fairly  common  on 
moist  sandstone,  mixed  with  Kurzia  sylvatica  (Evans) 
Grolle,  Odontoschisma  prostratum  (Sw. )  Trev. , 

Calypogeja  muelleriana  (Schiffn. )  K.  Mull. ,  and 
Scapania  nemorosa  (L.  )  Dum.  ;  Hatcher  852;  Skorepa  3312; 

Sharp  and  Skorepa  3779;  Stotler  1500,  1501,  1502,  1503,  1523, 

1524,  1526,  1527,  2403,  3258,  3259,  3262,  3276. 

10.  Cephalozia  pleniceps  (Aust.)  Lindb.  -  Occasional  in  small 
mats  on  wet,  shaded  vertical  sandstone;  Hatcher  821, 

Sharp  and  Skorepa  3780. 

11.  Cephaloziella  divaricata  (Sm.)  Schiffn.  -  Rare,  in  sparse 
populations  on  small  sandstone  rocks  near  the  creek 

just  below  Indian  Kitchen;  Sharp  and  Skorepa  3368;  Stotler 
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1208 ,  3251. 


12.  Cephaloziella  hampeana  (Nees)  Schiffn.  -  Rare  on  moist, 
shaded  vertical  sandstone ,  mixed  with  Odontoschisma 
prostratum  (Sw.  )  Trev.  ;  Hatcher  817. 

13.  Colole j  eunea  biddlecomiae  (Aust.)  Evans  -  Occasional  in 
scattered  locales;  on  small  roots  of  beech  and 
juniper  and  on  shaded  shale;  Sharp  and  Skorepa  3781 ;  Stotler 
1204 ,  1209 ,  1504. 

14.  Conocephalum  conicum  (L.)  Lindb.  -  Very  common  along 
the  base  of  moist  sandstone  bluffs  throughout  the  canyon 
Skorepa  2183,  3554;  Stotler  1192,  1193,  1211. 

15.  Diplophyllum  apiculatum  (Evans)  Steph.  -  Common  on  moist 
protected  sandstone  throughout  the  canyon;  usually 
mixed  with  Odontoschisma  prostratum  (Sw.)  Trev., 

Calypoge j a  muelleriana  ( Schiffn . )  K.  Mull,  and  Scapania 
nemorosa  (L.)  Dum.  ;  Hatcher  833 ;  Stotler  1192,  1194, 

1201,  1215,  1217,  1500,  1505,  1506 ,  1507,  3244,  3258. 

16.  Frullania  eboracensis  Gott .  -  Common  on  tree  bark  in 
mesic  woods,  especially  on  juniper  bark;  Hatcher 

802;  Skorepa  2178,  2180,  2l8l,  2191,  2195,  2988,  4825. 

17.  Frullania  ericoides  (Nees)  Mont.  [  =  Frullania  squarrosa 
(Reinw.  et  al.)  Dum.  (Grolle,  1968)]  -  Rare  on 

bark  of  hardwoods,  xeric  habitat  in  upland  woods; 

Hatcher  837;  Stotler  1155. 

18.  Frullania  inf lata  Gott.  -  Common  in  dry  woods  and  on 
exposed  rock  near  abandoned  lead  mine;  Hatcher  836, 

855;  Skorepa  4739,  s.n .;  Stotler  1153,  1193,  1222,  1223, 

1224. 

19.  Frullania  tamarisci  ( L . )  Dum.  ssp.  asagrayana  (Mont.) 
Hatt.  -  Common  on  moist  sandstone  both  in  the  mesic 
woods  and  in  the  canyon  proper;  rarely  on  the  bark 

of  beech  trees;  Hatcher  816,  820;  Skorepa  1895, 

3174,  3628;  Stotler  1509,  3247,  3249. 

20.  Jamesoniella  autumnalis  (DC.)  Steph.  -  Rare,  on  shaded 
sandstone  boulders  in  mesic  woods;  Skorepa  3299,  4073. 

21.  J ubula  pennsylvanica  (Steph.)  Evans  -  Common  on  moist, 
protected,  highly  shaded  vertical  sandstone  near 

the  Hairpin  Meander;  Hatcher  806,  807;  Skorepa  3379, 

4803,  4816;  Stotler  1508,  1510,  3273. 

22.  J ungermannia  crenulif ormis  Aust.  -  Of  sporadic 
occurrence  on  moist,  vertical  sandstone  in  shaded, 
mesic  woods;  Skorepa  3277,  4816;  Stotler  3267,  3268. 
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shale  and  protected  crevices  on  sandstone,  usually 
mixed  with  Diplophyllum  apiculatum  (Evans)  Steph. 
and  Cephalozia  lunulifolia  (Dum. )  Dum. ;  Hatcher  817 , 

821 ,  845 ;  Stotler  1214,  1215 ,  1218,  1500 ,  1502 ,  1505 ,  1506 , 

1523 ,  1526 ,  1527 ,  1528 ,  2403 ,  3258 ,  3259 ,  3274 ,  3276. 

39.  Pallavicinia  lyellii  (Hook.)  Carruth.  -  Of  sporadic 
occurrence  on  moist  soil  along  the  creek;  Sharp  and 
Skorepa  3416. 

40.  Pellia  epiphylla  (L.)  Corda  -  Extremely  common  on 
moist,  shaded  soil  and  rocks  all  along  both  sides 
of  the  creek;  probably  the  most  abundant  species  in 
the  canyon;  Hatcher  809;  Stotler  1192 ,  1196 ,  1200 , 

1214 ,  3260 3  3261 ,  3262 ,  3263. 

41.  Plagiochila  porelloides  (Torrey  ex  Nees)  Lindenb.  - 
Common  on  moist  vertical  sandstone  as  well  as  on 
loose  rock  along  creek;  Hatcher  806 ,  807;  Sharp  and 
Skorepa  3324;  Stotler  1213 ,  3264 ,  3265 ,  3266. 

42.  Porella  pinnata  L.  -  Of  sporadic  occurrence  on  out¬ 
crops  or  tree  roots  along  the  creek,  in  mesic  to 
xeric  habitats;  Stotler  1153,  1198,  1204,  1216. 

43.  Porella  platyphylloidea  (Schwein.)  Lindb.  -  Of 
sporadic  occurrence  on  tree  bases  in  xeric  upland 
and  mesic,  midslope  woods;  Skorepa  3629,  4079,  4825; 

Stotler  1193,  3270. 

In  earlier  studies  this  species  had  been  misidenti- 
fied  as  Porella  platyphylla  (L.)  Pfeiff.  It  can 
be  distinguished  from  this  species,  however,  by  its 
crispate  leaf  bases  and  the  equal  size  of  lobules 
and  underleaves.  All  populations  in  Lusk  Creek 
possess  this  assemblage  of  characters  and  hence 
have  been  relegated  to  P.  platyphylloidea  rather 
than  P.  platyphylla. 

44.  Radula  obconica  Sull.  -  Common  on  moist  sandstone, 
where  it  is  often  mixed  with  species  of  Leucole j eunea ; 
Hatcher  806;  Sharp  and  Skorepa  3325;  Stotler  1190, 

1204,  1518,  1519,  1522,  3252,  3253,  3255,  3257,  3266,  3271, 

3273. 

45.  Reboulia  hemisphaerica  (L.)  Raddi  -  Common  on  soil 
or  rocks  in  xeric  to  hydric  habitats,  on  both  bluffs 
and  shaded  vertical  sandstone;  sometimes  mixed  with 
Mannia  fragrans  (Balbis)  Frye  and  Clark;  Sharp  and 
Skorepa  3170;  Stotler  1195,  1210,  1220,  1221. 

Scapania  nemorosa  (L.)  Dum.  -  Extremely  common,  found 
on  moist  soil ,  rocks,  and  vertical  sandstone  through- 
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46. 


out  the  canyon;  Stotler  1194 ,  1195,  1205,  1214,  1215, 

1217,  1502,  1506,  1519,  1521,  1522,  2400,  2401, 

3244,  3250,  3251,  3255,  3256,  3259,  3274,  3275,  3276, 

3277,  3278,  3279,  3280. 

*  47.  Scapania  undulata  ( L . )  Dum.  -  Rare,  on  sandy  soil 

or  rocks  along  creek,  mixed  with  Calypoge j a  mueller- 
iana  (Schiffn.)  K.  Mull.;  Stotlev  1203,  1213. 

48.  Trichocolea  tomentella  (Ehrh. )  Dum.  -  Extremely  rare, 
on  rocks  in  the  creek  bed,  north  of  the  Hairpin 
area;  Skorepa  3720. 


CONCLUSION 

The  hepatic  and  anthocerote  flora  of  Lusk  Creek  Canyon 
Nature  Preserve  is  extremely  diversified;  indeed,  the  floristic 
richness  of  the  area  surpasses  that  of  any  other  Southern 
Illinois  canyon  area  investigated  to  date.  Overall, 
the  flora  appears  to  show  closest  affinity  to  floras  of 
the  Southern  Appalachian  Escarpment  gorges.  The  presence 
of  disjunct  populations  of  Calypoge j  a  sullivantii  Aust., 
Jungermannia  f ossombronioides  Aust. ,  Le j eunea  laetivirens 
Nees  et  Mont.,  and  Marsupella  emarginata  (Ehrh.)  Dum. 
suggest  that  Lusk  Creek  has  served  as  a  refugium  for 
floristic  elements  which  were  more  widespread  in  earlier 
geologic  times. 
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NON-NITROGENOUS  CONSTITUENTS  OF  SESBANIA  SESBAN  MERR. 

V.K.  Kapoor,  Amrik  Singh  Chawla  and  A.  Ankamma 
Department  of  Pharmaceutical  Sciences,  Panjab  University, 

Chandigarh  160014,  India 

and 

C.A.  Johnson,  C.E.  Totten,  and  D.M.  Piatak 
Department  of  Chemistry,  Northern  Illinois  University 
DeKalb,  Illinois  60115,  U.S.A. 

Abstract. — A  comparative  study  of  alkanes,  alkanols, 
and  sterols  present  in  the  pods,  flowers  and  leaves  of 
Sesbania  sesban  Merr.  has  been  made.  The  C27 1  C-29'  anc^ 

C33  n-alkanes  and  C25  and  C2g  n-alcohols  predominate 
in  these  parts.  Cholesterol  has  been  found  to  occur  in 
pods  and  leaves  but  not  flowers. 

In  continuation  of  our  program  of  chemical  investigation  of  medicinal 
plants  growing  in  the  Chandigarh  (India)  area,  the  constituents  of  Sesbania 
sesban  Merr.  (syn.  S_.  aegyptiaca  Poir.  )  (Fam:  Leguminosae,  Sub-family:  Papi- 
lionoideae)  were  explored.  The  plant  is  a  soft-wooded  tree  of  rapid  growth 
and  occurs  as  three  varieties  in  which  the  only  known  difference  is  the 
color  of  the  flowers.  For  the  present  study  the  variety  with  yellow  flowers 
was  chosen. 

The  plant  has  been  reported  (Kirtikar  and  Basu,  1933,  p.  732;  Watt  and 
Breyer -Brandi jk,  1962,  p.  646)  to  be  used  for  a  variety  of  ailments,  and 
more  recently,  abortif acient  activity  on  rats  of  extracts  from  flowers  has 
been  noted  (Pakrashi  et  al.,  1975).  Jain  (1964)  has  found  six  flavonols  in 
!S.  sesban  (violet  flowers)  and  identified  two  of  them  as  cyanidin  and  del- 
phadin.  Farooq  et  al.  (1954,  1959)  indicated  the  presence  of  fatty  acids 
and  oleanolic  acid  in  the  plant;  and  we  have  recently  presented  a  preli¬ 
minary  study  on  alkaloidal  constituents  of  the  plant  (Kapoor  et:  al.  ,  1977). 
In  this  paper  we  wish  to  report  the  results  of  a  comparative  study  on  the 
non-nitrogenous,  hexane-soluble  constituents  of  pods,  flowers  and  leaves 
of  S_.  sesban  as  a  beginning  in  the  taxonomical  studies  of  this  genus  which 
may  prove  useful  in  the  proper  recognition  of  different  varieties.  Studies 
on  n-alkane  chemotaxonomy  have  had  some  limited  value  for  these  purposes 
(Douglas  and  Eglinton,  1966;  Piatak  and  Eichmeier,  1972;  Sorensen  et  al. , 
1978). 


EXPERIMENTAL 

Plant  Material. — The  pods,  flowers  and  leaves  of  Sesbania  sesban  Merr. 
(yellow  flowers)  were  collected  from  several  plants  at  random  in  the 
Chandigarh  (India)  area  in  the  months  of  September,  December,  and  January. 
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The  plant  material  was  authenticated  by  Dr.  T.S.  Sareen,  Department  of 
Botany,  Panjab  University.  The  plant  materials  were  reduced  to  moderately 
coarse  powder  and  extracted  in  a  Soxhlet  apparatus  with  pet.  ether  (b-p. 
60-80°) . 

Pods. — The  material  (14  g)  from  pods  (2.4  kg)  was  saponified  with 
0.5  N  ethanolic  KOH  to  yield  the  unsaponif iable  matter  (7.1  g) .  It  was 
chromatographed  on  alumina  (350  g,  S.M.,  India).  The  first  fractions 
eluted  with  petroleum  ether : benzene  (2:1,  6x150  ml)  gave  a  waxy  substance 
(0.90  g)  which  was  crystallized  from  acetone  to  m.p.  65-67°;  v max  730  and 
719  cm“l  [~(CH2)x]»  It  was  analyzed  by  GLC  and  the  components  authenticated 
as  previously  described  (Sorensen  et_  a_l .  ,  1978)  .  The  results  are  given  in 
Table  I . 

The  subsequent  fractions  eluted  with  the  same  solvent  (16x150  ml) 
gave  a  whitish  residue  (0.3  g)  which  could  be  crystallized  from  acetone, 
m.p.  79-80°.  v  max  3350  cm--*-  (O-H)  ,  732  and  722  cm-l  [~(CH2)X“];  NMR, 

6  0.87  (br,  t,  J  =  5  Hz,  -CH2-CH3)  ,  1.26  [s,  “(CF^x-]  an<3  3.65  (t,  J  = 

6  Hz,  -CH2-CH2-OH) .  GLC  analysis  of  the  material  at  240°  revealed  it  to 
be  a  mixture  of  n-alcohols  (Table  I)  which  were  identified  by  comparison 
to  known  materials  (Piatak  and  Reimann,  1970) .  The  components  are  given  in 
Table  I. 

Further  elution  of  the  column  with  benzene  (11 x  150  ml)  gave  a  yellowish 
residue  (1.3  g)  which  crystallized  from  methanol,  m.p.  129-130°.  It  gave 
a  positive  Liebermann-Burchard  test  for  sterols.  GLC  analysis  at  240° 
showed  it  to  be  composed  of  different  sterols  (see  Table  I)  which  were 
characterized  with  known  sterols  (Applied  Science  Labs)  by  comparison  of 
retention  times  and  by  the  increase  in  signals  when  authentic  material  was 
add  ed . 

Flowers. — The  powdered  flowers  (200  g)  were  processed  in  the  same  way 
to  get  unsaponif iable  matter  (2.4  g) .  Resolution  over  alumina  yielded 
alkanes,  alcohols  and  sterols.  These  were  analyzed  by  GLC  as  above  (Table  I). 

Leaves. --The  powdered  leaves  (700  g)  were  also  processed  as  above  to 
yield  unsaponif iable  matter  (7.5  g) .  Chromatography  on  alumina  gave  alkanes, 
alcohols  and  sterols,  and  GLC  analyses  of  the  materials  are  shown  in  Table  I. 

RESULTS  AND  DISCUSSION 


Table  I  presents  the  initial  comparative  study  of  the  alkanes,  alcohols, 
and  sterols  of  the  pods,  flowers  and  leaves  of  S.  sesban  Merr.  (yellow 
flowers) .  As  more  results  are  accumulated  with  the  other  varieties  and 
with  other  species,  the  data  reported  will,  hopefully,  be  useful  for  proper 
recognition  of  the  different  types. 

Several  points  can  be  made  about  the  present  results.  The  predominating 
n-alkanes  in  the  pods  are  C31  (55.7%)  and  C29  (27.3%),  while  mainly  the  C29 
(54.1%)  and  C27  (21.4%)  n-alkanes  occur  in  the  flowers.  It  is  interesting 
to  note  these  alkanes  are  similar  in  amount  but.  differ  by  two  carbons  (one 
acetate  unit).  Data  from  the  leaves,  on  the  other  hand,  is  closer  to  that 
of  the  flowers  except  the  C32  isomer  is  present  in  a  higher  amount. 
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TABLE  L.  ALKANES,  ALCOHOL  AND  STEROL  COMPOSITION  OF  PODS,  FLOWERS  AND  LEAVES  OF  SESBANIA  SESBAN  MERR. 
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Amounts  expressed  as  %  of  total  sample;  tr  =  trace. 


that  the  basis  for  such  behavior  of  lactoferrin  could  be 
ascertained . 


MATERIALS  AND  METHODS 


Lactoferrin  saturated  with  iron  was  prepared  from 
defatted  human  milk  by  the  procedure  of  Johanssen  (1969). 
Iron-saturated  conalbumin  was  prepared  as  previously 
described  (Bezkorovainy  et  al .  ,  1968).  Iron-free 
transferrin  was  purchased  from  Behringwerke  Corp.,  Marburg, 
West  Germany,  and  was  saturated  with  iron  using  ferric 
citrate  (Line  etal . ,  1967).  Buffer  solutions  used  were 
as  follows:  pH  8 . 3  ,  0.1  M  NaHCO^;  pH  7  and  pH  6,  0.05  M 
cacodylate-0 . 1  M  NaCl;  pH  5  and  pH  4,  0.05  M  acetate-0.1  M 
NaCl;  pH  3  and  pH  2,  0.1  M  glycine-HCl;  and  pH  1,  0.1  M  HC1. 

Viscosity  measurements  were  done  in  an  Ostwald-type 
viscometer  in  a  water  bath  maintained  at  31-50-  Volume  of 
fluid  used  was  4.0  ml,  and  protein  concentrations  were  kept 
at  4  mg/ml.  Flow  time  for  water  was  between  222  and  223  sec 
in  this  system.  Optical  rotation  measurements  at  589  nm 
were  made  at  25°  in  10  cm  cells  using  the  Perkin-Elmer  Model 
l4l  instrument,  and  absorbance  measurements  were  made  in  the 
Coleman  Junior  II  spectrophotometer  at  465  nm  (maximum 
absorption  for  iron-containing  transferrins,  as  per 
Bezkorovainy  and  Zschocke,  1974). 

RESULTS  AND  DISCUSSION 


Proteins  were  dissolved  in  the  iron-saturated  state  in 
the  buffer  solutions  specified,  and  permitted  to  stand  for 
2  hr  at  25°  before  being  analyzed.  The  results  are 
depicted  in  Figure  1. 

Loss  of  iron  as  reflected  by  the  decrease  in  A 4 g ^  took 
place  at  pH  6  in  case  of  conalbumin  and  transferrin,  whereas 
with  lactoferrin  the  first  loss  was  observed  at  pH  4. 
Concomitant  with  the  loss  of  iron,  there  was  an  increased 
(more  positive)  optical  rotation  in  all  proteins  (pH  5  and  6 
for  transferrin  and  conalbumin,  and  pH  4  for  lactoferrin) . 
This  finding  is  consistent  with  previous  observations  (Line 
et  al . ,  1967).  The  loss  of  iron  by  transferrin  and 
conalbumin  was  not  accompanied  by  gross  denaturat ion ,  which 
became  manifest  in  these  proteins  at  or  below  pH  4 .  In 
lactoferrin,  denaturat ion ,  as  indicated  by  increased  reduced 
viscosity  and  levorotation ,  took  place  at  pH  3  and  lower. 
Hence,  it  would  appear  that  the  observed  partial  loss  of 
iron  in  lactoferrin  at  pH  4  was  not  due  to  gross  protein 
denaturation ,  but  to  other  factors  such  as  the  loss  of  the 
synergistic  anion  (for  definition  see  Bates  and  Schlabach, 
1975),  or  by  protonation  of  an  essential  histidyl  residue. 

At  pH  3,  considerable  amounts  of  iron  were  still  present  in 
lactoferrin,  though  physical  parameters  pointed  to  an 


pH  PH 


c 


pH 


Figure  1.  Physical  parameters  of  lactoferrin  (solid 
circles),  transferrin  (  open  circles)  and  conalbumin 
(crosses)  as  a  function  of  pH  at  protein  concentrations 
of  4  mg/ml.  a.  Optical  rotation,  b.  Reduced  viscosity 
(average  of  6  determinations),  and  c.  Absorbance. 
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extensive  degree  of  denaturat ion .  It  is  therefore  possible 
that  the  reason  why  pepsin  at  pH  3  can  destroy  the 
N-terminal  segment  of  iron-containing  lactoferrin  while 
leaving  the  C-terminus  intact  and  bound  up  with  iron  is 
that  the  N-terminus  is  more  susceptible  to  denaturation  and 
thus  subject  to  attack  by  proteolytic  enzymes. 
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A  CENTURY  OF  ACADEMIC  CHEMICAL  GROWTH  IN  ILLINOIS 

Dr.  Charles  D.  Hurd 
Department  of  Chemistry 
Northwestern  University 
Evanston,  Illinois  60201 


Two  Illinois  universities  existed  before  1877,  namely, 
Northwestern  (1851)  and  Illinois  State  University  (1857)  at 
Normal.  University  of  Illinois  started  at  Urbana  in  1886 
as  a  Land  Grant  institution  under  the  federal  Morrill  Act 
(1862)  which  stipulated  that  a  state  could  be  given  30,000 
acres  of  forest  land  for  each  senator  and  representative 
then  in  Congress  to  endow  and  maintain  a  college  primarily 
devoted  to  teaching  agriculture  and  the  mechanic  arts.  Other 
Illinois  state  universities  appeared  later:  Southern  Illinois 
University  at  Carbondale  and  Edwardsville ,  Eastern  Illinois 
University  at  Charleston,  Western  Illinois  University  at 
Macomb,  and  Northern  Illinois  University  at  DeKalb .  These 
universities  came  to  the  Chicago  area:  University  of  Chicago 
in  1892,  DePaul  University  (1898),  Loyola  University  (1909, 
a  descendent  of  St.  Ignatius  College,  1870),  and  Illinois 
Institute  of  Technology  (1940,  a  merger  of  Armour  (1892) 
and  Lewis  (1896)  Institutes) .  Illinois  also  has  many  fine 
colleges  with  strong  traditions. 

When  one  realizes  that  Cannizzaro's  development  of 
Avogadro ' s  hypothesis,  Kekule's  structure  of  benzene,  and 
Mendelej eff /Meyer ' s  periodic  law  all  appeared  during  1860-1870 
it  makes  one  wonder  what  may  have  been  taught  here  a  century 
ago.  Some  notion  may  be  gleaned  by  considering  the  program 
of  Oliver  Marcy  who  taught  at  Northwestern  from  1862-1899. 

His  title  was  Professor  of  Natural  History  and  Physics. 

Besides  physics  and  chemistry,  he  taught  zoology,  moral 
science,  philosophy,  natural  theology,  mathematics,  geology, 
physiology,  logic,  and  Greek.  It  took  a  well  rounded  person 
to  teach  chemistry  in  those  days!  At  that  time  it  appears 
that  this  type  of  thing  was  more  the  rule  than  the  exception. 

Listing  schools  of  Illinois  in  order  of  their  doctoral 
programs  is  a  better  way  to  examine  significant  chemical 
growth.  Here,  University  of  Chicago  was  unquestionably  the 
leader.  Five  years  after  it  started  (1897)  it  granted  the 
Ph.D.  degree  in  organic  chemistry  to  Lauder  W.  Jones.  The 
first  Ph.D.  at  Urbana  was  in  1903  to  William  M.  Dehn ,  also  in 
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organic  chemistry.  Northwestern  awarded  one  chemical  Ph.D. 
in  1896  but  not  till  a  quarter  of  a  century  later  did  it  have 
its  next,  namely,  C.  S.  Hamilton  in  1922  along  with  three 
others.  The  first  doctoral  award  at  Illinois  Institute  of 
Technology  was  in  1943  to  R.  H.  Saunders. 

Great  chemists  and  strong  leaders  were  responsible  for 
these  developments.  Chicago  started  with  a  chemical  giant, 

John  Ulric  Nef.  His  work  on  bivalent  carbon,  isocyanides, 
fulminates,  and  carbohydrates  profoundly  influenced  a  generation 
of  chemists.  His  untimely  death  at  age  53,  caused  by  pneumonia, 
snatched  a  great  leader  from  American  chemistry. 

In  1894  Nef  appointed  3  to  his  staff:  H.  N.  McCoy 
(uranium,  europium) ,  Alexander  Smith  (general  inorganic  chemistry) 
Julius  Stieglitz  (brganic) ,  each  of  whom  made  outstanding 
contributions.  Later  arrivals  were  W.  D.  Harkins  (1912), 

Martin  Hanke  and  T.  F.  Young  (1923),  W.  C.  Johnson  (1927), 

M.  S.  Kharasch  (1928).  R.  S.  Mulliken  was  nominally  in  physics 
from  1928-1961,  at  which  time  he  became  professor  of  chemistry. 

At  Illinois,  the  chairman  (1890-1904)  and  head  of  State 
Water  Survey  was  A.  W.  Palmer.  S.  W.  Parr,  a  revered 
professor  who  was  well  known  for  the  Parr  bomb  and  for  his 
studies  on  coal,  taught  from  1891-1927.  The  start  of  Illinois 
as  a  famous  research  institution,  however,  dates  from  the 
chairmanship  of  W.  A.  Noyes  (1907-1926).  In  this  period 
these  chemists  and  others  brought  fame  to  the  University: 

Edward  Bartow  (water),  C.  W.  Balke  (tantalum),  Roger  Adams 
(organic) ,  Oliver  Kamm  (qualitative  organic  analysis) , 

C.  S.  Marvel  (organic),  G.  F.  Smith  (perchloric  acid, 
quantitative  analysis),  W.  C.  Rose  (biochemistry).  R.  C. 

Fuson,  R.  L.  Shriner,  and  John  Bailar ,  Jr.  were  appointed 
between  1926  and  1928. 

At  Northwestern  Medical  School  in  Chicago  from  1891-1907, 

John  H.  Long  did  pioneering  work  in  the  chemical  phase  of 
medical  education.  On  the  Evanston  campus,  graduate  work 
started  in  earnest  after  World  War  I  with  W.  Lee  Lewis  as 
chairman.  In  1920  he  lured  F.  C.  Whitmore  away  from  Minnesota 
and  between  them  they  obtained  substantial  grants  from  the 
Public  Health  Institute  for  work  on  organic  arsenicals 
(Lewis)  and  organic  mercurials  (Whitmore).  When  Lewis  resigned 
in  1924,  I  came  as  replacement.  Whitmore  headed  the  department 
with  dynamic  leadership.  Research  grants  from  American 
Petroleum  Institute  to  both  Whitmore  and  me  were  very  helpful. 

With  his  grant,  Whitmore  started  his  work  on  hydrocarbons, 
developing  the  carbonium  concept  for  which  he  became  known 
internationally.  Whitmore's  earlier  contact  with  Lauder  Jones, 
then  Dean  at  Minnesota,  was  basic  for  this  work.  Jones  was 
advocating  an  electron-deficient  nitrogen  atom  to  explain 
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the  Los sen  rearrangement  of  hydroxamic  acids  and  this  served 
as  the  springboard  for  Whitmore  to  jump  to  an  electron- 
deficient  carbon  atom  in  hydrocarbon  rearrangements.  My 
API  grant  was  put  to  use  in  studying  the  pyrolysis  of  hydro¬ 
carbons  . 

Staff  additions  during  this  period  included  C.  M.  Suter 
and  R.  K.  Summerbell  in  1928,  F.  T.  Gucker ,  Jr.  in  1929, 
and  Malcolm  Dole  in  1930.  V.  N.  Ipatieff  left  Russia  in 
1930  to  become  associated  with  Northwestern  for  experimental 
work  in  catalysis  and  high  pressure. 

Growth  of  chemistry  in  the  state  of  Illinois  for  the  last 
5  decades  has  been  too  vast  to  include,  but  it  had  a  solid 
foundation  on  which  to  build. 
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PROBLEMS  AHEAD,  BUT  TECHNOLOGY  CAN  HELP 

Dr.  Glenn  T.  Seaborg 
Department  of  Chemistry 
University  of  California 
Berkeley,  California  94720 


The  current  energy  crisis  is  just  the  forerunner  of  a 
number  of  situations  which  we  will  face  in  the  next  few 
decades  that  will  change  our  attitudes ,  behavior  and 
institutions.  We  will  face  a  number  of  critical  materials 
shortages  and  some  failures  in  our  technological  systems  that 
will  force  us  into  fairly  radical  changes  in  the  way  we 
conduct  our  lives  and  manage  our  society.  Underlying 
these  will  be  the  continuing  need  to  conduct  our  affairs  with 
great  care  and  frugality  in  the  use  of  energy. 

Crises  in  the  supply  of  natural  resources  only  can  be 
averted  by  sound  planning.  As  a  nation  with  6%,  of  the  world's 
population,  we  have  increased  our  demands  to  the  point  where 
today,  the  United  States  is  a  net  importer  of  minerals, 
consuming  about  30%  of  the  world's  production. 

Rapidly  as  our  consumption  is  rising,  it  is  rising  even 
faster  in  many  other  parts  of  the  world.  As  economic  growth 
and  industrialization  accelerate  over  much  of  the  world,  the 
competition  for  mineral  supplies  will  increase  and  the 
developing  countries  will  exert  more  control  over  the  dis¬ 
position  of  their  mineral  resources.  This  situation  has  the 
seeds  for  crises  if  we  plan  no  better  here  than  we  have  in 
the  energy  area. 

Science  and  technology  can  do  much  to  postpone  our  day 
of  reckoning.  Chemists  and  geochemists,  working  with 
geologists,  can  help  us  understand  the  origin  of  minerals  and 
hence  can  lead  us  to  the  discovery  of  concealed  deposits. 
Chemical  engineers  can  develop  methods  for  use  of  lower-grade 
minerals,  improve  the  efficiency  of  mineral  recovery,  and  reduce 
the  waste  of  valuable  by-product  materials.  And  with  the 
help  of  science,  we  can  develop  more  substitute  alloys  and 
materials  that  can  shift  the  burden  from  substances  in  short 
supply  to  those  available  in  greater  abundance. 

As  the  most  basic  change,  we  will  need  to  create  a 
"recycle  society."  In  such  a  society,  the  present  materials 
situation  is  literally  reversed;  all  waste  and  scrap--what 
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are  now  called  "secondary  materials"--become  our  major 
resources,  and  our  natural,  untapped  resources  become  our 
backup  supplies.  This  eventually  must  be  the  industrial 
philosophy  of  a  stabilized  society  and  the  one  toward  which  we 
must  work.  It  first  involves  a  shift  in  industry  to  the  design 
and  production  of  consumer  goods  that  are  essentially  non- 
obsolescent.  This  means  that  products  will  be  built  to  be 
more  durable,  easily  reparable  with  standardized  replaceable 
parts . 

Building  toward  the  world  of  the  future  will  call  for 
increased  emphasis  on  international  cooperation.  We  should 
not  delude  ourselves  into  believing  that  self-sufficiency  in 
energy  and  other  resources  is  the  total  solution  to  national 
security  and  well-being.  In  fact,  self-sufficiency  in 
mineral  resources  is  probably  an  impossible  goal.  And  much 
of  the  developing  world  faces  a  food  problem  that  can  be 
solved  only  by  means  of  international  cooperation. 

We  will  have  to  make  enormous  strides--together--in 
controlling  population,  increasing  food  production,  managing 
our  environment,  investigating  and  controlling  the  resources 
of  the  seas,  conducting  global  research,  developing  methods 
to  reduce  the  human  impact  of  natural  disasters,  and  generally 
uplifting  the  economic  conditions  of  a  large  number  of  the  world’s 
peoples.  There  are  no  alternatives  to  these  measures-- 
except  a  tremendous  increase  in  human  misery  that  ultimately 
will  affect  all  the  world's  peoples. 
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RADIOACTIVE  ISOTOPE  STUDIES  OF  THE  COSMIC  RAY  AGE 

Glenn  M.  Mason 
University  of  Chicago 
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Over  60  years  ago,  cosmic  rays  were  discovered  when 
scientists  went  aloft  in  a  balloon  in  order  to  determine  the 
origin  of  a  persistent  radiation  measured  in  their  labora¬ 
tories  .  They  thought  that  the  radiation  was  from  minute 
traces  of  uranium  in  the  earth's  crust,  and  therefore  it 
should  have  become  less  intense  the  higher  one  went  in  the 
balloon.  But  just  the  opposite  effect  was  observed,  and  it 
was  thus  discovered  that  there  existed  a  source  of  radiation 
coming  from  the  sky- -hence  the  name  "cosmic  rays". 

Perhaps  the  best  known  by-product  of  cosmic  rays  is  their 
production  in  the  atmosphere  of  the  radioactive  isotope 
carbon-14,  which  has  been  widely  used  to  trace  the  age  of 
organic  materials  up  to  many  thousands  of  years  old.  However, 
over  the  course  of  many  years  of  study  using  measuring 
instruments  carried  on  high-altitude  balloons  and  earth 
satellites,  scientists  have  found  many  interesting  features 
of  the  cosmic  rays  themselves .  They  are  extremely  high 
velocity  atoms ,  and  each  and  every  chemical  element  is  present 
in  the  cosmic  ray  beam:  hydrogen  atoms,  helium  atoms,  carbon, 
oxygen,  iron,  uranium  atoms,  etc.  are  all  present.  Their 
tremendous  energy  makes  it  likely  these  particles  were 
accelerated  by  pulsars,  supernovae  or  other  explosive  objects 
in  our  galaxy  (the  Milky  Way) .  The  cosmic  rays  are  the 
only  sample  of  matter  from  outside  our  solar  system  that 
we  can  collect  and  study.  The  relative  amounts  of  the  various 
chemical  elements  tell  us  about  the  sites  where  the  cosmic 
rays  were  created,  as  well  as  the  history  of  their  journey 
through  space  from  their  unknown  source  to  us. 

A  basic  question  about  the  cosmic  rays  is:  how  old  are 
they--that  is,  how  long  do  they  stay  in  our  galaxy  before 
escaping  into  intergalact ic  space?  If  they  travelled  in 
straight  lines,  their  high  velocity  would  let  them  escape 
in  a  few  thousand  years  like  starlight,  but  the  presence  of 
large  amounts  of  "debris"  of  collisions  of  the  high  energy 
carbon  and  oxygen  atoms  with  the  interstellar  gas  shows  that 
the  magnetic  field  of  the  galaxy  has  in  fact  trapped  or 
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"bottled-up"  the  particles  very  effectively.  A  direct 
measurement  of  their  age  could  be  performed  by  using  radio¬ 
active  isotopes  in  the  "debris",  just  as  carbon-14  dating  is 
used  to  determine  the  age  of  the  contents  of  an  Egyptian 
tomb.  In  collaboration  with  Prof.  John  Simpson  and  Dr. 

Moises  Garcia-Munoz  of  the  University  of  Chicago,  a  measuring 
instrument  was  designed  and  constructed  to  measure  such 
radioactive  debris--in  particular  a  radioactive  isotope  of 
the  element  beryllium.  Two  such  instruments  were  launched 
on  NASA  earth  satellites  in  1972  and  1973  beyond  the  earth's 
atmosphere  which  prevents  any  of  the  cosmic  ray  atoms  from 
reaching  the  ground  intact. 

The  difficulty  of  the  satellite  measurement  can  be 
appreciated  by  noting  that  each  instrument  detected  only 
about  1  atom  of  beryllium  per  week.  After  adding  together 
many  tens  of  thousands  of  hours  of  observations,  however, 
enough  atoms  were  collected  to  show  that  857o  of  the  radioactive 
isotope  beryllium-10  had  decayed,  and  thus  the  cosmic  rays 
had  been  trapped  in  the  galaxy  for  about  17  million  years. 

Since  evidence  from  meteorites  shows  that  the  cosmic  radiation 
level  has  been  roughly  constant  over  the  past  250  million 
years  or  more,  our  measurement  shows  that  the  "supply"  of 
cosmic  rays  must  be  replaced  every  17  million  years. 

A  17  million  year  lifetime  for  the  cosmic  rays  is  sur¬ 
prising  to  astronomers  and  astrophysicists  since  it  implies 
that  the  cosmic  rays  cannot  spend  most  of  their  time  in  the 
disk-shaped  volume  of  space  where  most  of  the  stars  in  our 
galaxy  are  found.  Rather,  the  cosmic  rays  may  be  spending 
the  majority  of  their  life  in  a  "halo"  magnetic  field  just 
outside  the  galactic  disk.  The  task  of  understanding  how 
the  galaxy's  magnetic  field  could  be  arranged  in  such  a 
manner  is  a  challenge  which  lies  ahead  of  us,  and  whose 
solution  will  better  our  understanding  of  fundamentals  of 
the  structure  and  evolution  of  our  galaxy. 
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CHEMICAL  STORAGE  OF  SOLAR  ENERGY 

Charles  Kutal 
Department  of  Chemistry 
University  of  Georgia 
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The  absolute  magnitude  of  the  energy  available  from  the  sun 
offers  encouragement  for  its  development  as  a  much  needed 
resource.  Presently  the  inability  to  store  solar  energy 
for  longer  than  a  few  days  hampers  its  otherwise  attractive 
features.  A  promising  solution  to  this  problem  involves 
the  use  of  sunlight  induced  photochemical  reactions  to 
generate  storable  products  of  high  energy  content  recon¬ 
vertible  at  will  to  the  original  material.  Thus  in  the 
thermodynamically  unfavorable  energy  storage  step  (1) , 

R  +  light - >>  P  (1) 

a  portion  of  the  incident  photon  energy  is  converted  to 
and  stored  as  the  increased  chemical  potential  energy  of 
the  photoproduct.  Reversion  of  the  system  to  the  starting 
material  (2) 

P_ - ^>R  +  heat  (2) 

occurs  with  the  release  of  this  excess  energy,  considered 
here  in  the  form  of  heat.  Ideally,  the  reverse  step  is 
negligibly  slow  at  ambient  temperature  but  proceeds  rapidly 
and  cleanly  upon  the  addition  of  an  appropriate  catalyst. 

This  feature  ensures  that  energy  may  be  stored  indefinitely 
and  is  only  released  upon  demand. 

Steps  1  and  2  constitute  the  rudiments  of  a  cycle  whereby 
sunlight  is  ultimately  converted  to  a  more  usable  form  (heat) 
with  no  net  consumption  of  limited  resources.  In  an  ideal 
system  the  recyclable  storage  medium  should  possess  the 
following  characteristics : 

(i)  significant  absorption  of  incident  solar  radiation 

(ii)  high  specific  energy  storage  capacity  (heat 
stored  per  gram  of  photoproduct  formed) 

(iii)  absence  of  destructive  side  reactions 

(iv)  ease  of  handling  (can  be  readily  cycled  in  a 
storage  device) 

(v)  synthesis  from  readily  available  and  inexpensive 
starting  materials. 


338 


Because  of  these  stringent  requirements  the  number  of 
currently  known  photochemical  reactions  which  possess  any 
promise  for  use  in  a  cyclical  energy  storage  system  is 
understandable  small.  Perhaps  the  most  attractive  candidate 
is  the  norbornadiene  (NBD) -quadricyclene (Q)  interconversion  (3) 
Both  compounds  are  liquids  with  boiling  points  and  densities 
similar  to  water.  Although  NBD  itself  does  not  absorb  light 
in  the  wavelength  region  of  available  solar  radiation,  the 
photoreaction  does  occur  in  the  presence  o£  an  appropriate 
spectral  sensitizer  with  an  overall  efficiency  of  Q  production 
approaching  1007,  in  optimal  cases.  The  photoproduct,  while 
containing  some  260  cal/g  excess  energy  over  NBD,  is  stable 
toward  thermal  reversal.  Exposure  to  certain  transition 
metal  catalysts,  however,  allows  for  the  clean  and  rapid 
conversion  of  Q  to  NBD  with  the  release  of  the  excess  energy. 
NBD  is  an  attractive  sotrage  medium  from  a  cost  standpoint , 
since  it  is  prepared  from  readily  available  chemicals 


(3) 


release  of  ~260  cal/g 


The  Solar  Energy  Storage  Program  at  the  University  of 
Georgia  is  directed  toward  the  development  of  this  promising 
system.  To  date,  considerable  progress  has  been  achieved 
in  several  areas : 


(1)  Development  of  Sensitizers  and  Catalysts 

New  and  more  effective  sensitizers  and  catalysts  have 
been  discovered  and  conditions  found  where  single  cycles  of 
the  photochemical  step  and  catalytic  reversion  step  appear 
to  be  quantitative. 

(2)  Polymeric  Anchoring  of  Sensitizer  and  Catalyst 

The  need  to  physically  constrain  the  catalyst  for  the 
heat-releasing  reaction  to  the  catalytic  chamber  is  obvious. 
Similar  confinement  of  the  photosensitizer  to  the  irradiation 
chamber  reduces  the  required  amount  of  this  component  by 
several  orders  of  magnitude.  Polymer  immobilization  also 
precludes  undesirable  interactions  between  the  catalyst  and 
sensitizer  and  facilitates  their  replacement  in  an  actual 
device . 

(3)  Long  Term  Stability  Studies 

The  requirement  that  a  practical  solar  energy  storage 
system  based  on  the  NBD-Q  interconversion  can  be  repeatedly 
cycled  without  degradation  of  the  key  components  (sensitizer, 
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catalyst,  storage  medium)  is  quite  stringent.  For  this 
reason,  the  ability  of  the  system  to  be  recycled  is  currently 
being  examined. 

Some  readily  apparent  applications  of  a  NBD-Q  based 
energy  storage  system  are  the  heating,  cooling,  and  hot 
water  production  in  buildings.  Pvoughly  20%  of  all  energy 
(primarily  from  fossil  fuels)  currently  consumed  in  the 
United  States  is  used  for  these  purposes. 
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REPRODUCTIVE  LEVELS  IN 
UNEXPLOITED  WOODLOT  FOX  SQUIRRELS 

R.  L.  Harnishfeger,  J.  L.  Roseberry,  and  W.  D.  Klims tra 
Cooperative  Wildlife  Research  Laboratory 
Southern  Illinois  University 
Carbondale,  IL  62901 

ABSTRACT 

Detailed  reproductive  information  was  obtained  for 
138  individually-marked,  female  fox  squirrels  during 
1968-1976.  The  population  was  characterized  by  abnor¬ 
mally  low  reproductive  parameters.  Production  of  young 
was  28,  11,  and  0  percent  among  adult,  subadult  and 
juvenile  cohorts,  respectively.  The  average  size  of  30 
litters  prior  to  weaning  was  just  under  two.  Young 
breeders  were  rare;  16  females  produced  their  first 
litter  at  approximately  2  years  of  age.  Only  2  of  87 
adult  females  successfully  reared  two  litters  in  a  given 
year.  Data  suggest  lowered  reproductive  levels  to  ac¬ 
commodate  adverse  environmental  conditions. 

INTRODUCTION 

A  long  term  ecological  study  of  an  urban  fox  squirrel  (Sciurus  niger 
rufi venter)  population  was  initiated  Fall,  1968  in  Thompson  Woods,  a 
17-acre  woodlot  on  the  campus  of  Southern  Illinois  University  at  Carbondale* 
This  is  believed  to^be  the  first  intensively  studied  population  of  this 
type  (Eveland  1974).  This  paper  presents  data  collected  December,  1968 
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through  August,  1976  for  the  female  segment  of  the  population.  It  is 
concerned  with  reproductive  performance  and  provides  baseline  information 
on  yearly  and  seasonal  variation  in  breeding  rates  in  a  population  not 
influenced  by  hunter  harvest.  These  findings  will  be  of  value  in  better 
understanding  the  impact  of  exploitation. 

MATERIALS  AND  METHODS 

Squirrels  were  available  for  examination  through  live-capture  in  box 
traps  modified  after  Baumgartner  (1940).  Each  animal  was  fitted  with 
monel  number  3  (National  Band  and  Tag  Co.,  Newport,  Kentucky)  and  attached 
symbol -coded,  colored  vinyl  ear  tags.  Toe  clipping  to  the  first  joint 
provided  a  method  for  permanent  identification.  Quarterly  (1968  to  mid- 
1974)  and  weekly  (mid-1974  to  1976)  trapping  periods  provided  a  contin¬ 
uous  record  for  the  woodlot  population.  At  each  capture  individual  fe¬ 
males  were  weighed,  examined  for  evidence  of  external  parasites  and  disease, 
checked  for  identifying  tags  or  marks,  and  examined  for  signs  of  reproduc¬ 
tive  activity.  If  the  external  genitalia  showed  signs  of  estrous,  a 
vaginal  smear  was  taken.  Upon  completion  of  an  examination  each  animal 
was  released  at  the  point  of  capture.  Intensive  field  observation  of 
marked  animals  and  known  den  locations  provided  supplementary  information 
as  to  timing  of  reproduction,  numbers  of  young,  and  confirmed  data  from 
examinations  of  trapped  females. 

RESULTS  AND  DISCUSSION 

During  8  years  138  females  were  live-trapped  and  marked;  most  contri¬ 
buted  some  information  regarding  reproductive  levels  in  the  Thompson  Woods 
population.  Transient  animals  or  those  suffering  fatalities  seldom  pro¬ 
vided  enough  data  to  evaluate  reproductive  performance.  Only  individuals 
repeatedly  observed  and  captured  for  which  a  reasonably  complete  record 
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was  available  were  included  in  calculations.  Because  reproducti vely 
active  individuals  are  somewhat  restricted  in  their  movements  while 
suckling  young,  can  be  confirmed  through  observation  of  dens,  and  can 
be  associated  with  recently  emerged  litters,  the  percentages  reported 
are  considered  slightly  high  in  regards  to  the  true  proportions  of  all 
confirmed  females  producing  young. 

A  total  of  295  individual  female  breeding  seasons  was  evaluated; 
of  these  only  67  (22.7  percent)  produced  offspring.  Adults  were  pro¬ 
ductive  at  substantially  higher  levels  than  either  subadults  or  juven¬ 
iles  (Table  1).  In  Oklahoma  55.6  percent  of  178  adult  female  fox  squirrels 
were  1  acta ting  compared  to  3.8  percent  for  subadults  and  0.0  percent  for 
juveniles  (Chesemore  1975);  this  pattern  was  also  apparent  in  gray 
squirrels.  In  Ohio  Nixon  and  McClain  (1975,  p.433)  found  2.2  percent 
(3  of  136)  of  5  to  9  month  old  female  gray  squirrels  to  show  annual 
breeding  over  a  4-year  period  compared  to  55.8  percent  for  104  (10-14 
months  old),  and  95.4  percent  of  130  adults. 


Table  1.  Frequency  of  breeding  by  age-class  for  female  fox  squirrels, 
Thompson  Woods,  Southern  Illinois  University,  spring,  1969  to 
spring,  1976. 


Breeding 

Age 

Breeding 

Season 

Number  of 
Seasons 

Sample 

Size 

Number 

Breeding 

Percent 

Breeding 

Adul  t 

Spring 

8 

129 

50 

38.8 

(>14  months) 

Summer 

7 

93 

12 

12.9 

Combined 

15 

222 

62 

27.9 

Subadul t 

Spring 

8 

34 

4 

11.8 

(9-14  months) 

Summer 

4 

10 

1 

10.0 

Combined 

12 

44 

5 

11  .4 

Juvenile 

Spring 

4 

14 

0 

0.0 

(<9  months) 

Summer 

6 

15 

0 

0.0 

Combined 

10 

29 

0 

0.0 
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Individuals,  of  ages  greater  than  24  months  generally  bred  at  a  higher 
rate  than  younger  squirrels  (Table  2).  There  was  no  evidence  of  a  senescent 
effect  in  the  age  range  studied  with  the  only  female  exceeding  6  years  of 
age  producing  a  litter.  The  average  age  at  first  conception  for  16  females 
marked  as  juveniles  was  approximately  24  months.  Eveland  (1974,  p.  60) 
mentioned  the  old  age  of  first  lactation  for  the  Thompson  Woods  population 
from  data  on  animals  first  captured  as  adults.  In  contrast  Brown  and 
Yeager  (1945)  and  Allen  (1943)  reported  females  first  breeding  at  ages 
of  10  or  11  months.  In  only  2  of  59  instances  did  known-aged  animals  in 
Thompson  Woods  breed  prior  to  12  months  of  age. 

Considering  all  age  classes,  30.5  percent  (54  of  177)  of  the  females 

examined  produced  spring  litters  compared  to  11.0  percent  (13  of  118)  which 

2 

showed  summer  production.  This  difference  was  significant  (X-j  =  15.32, 
p  <  0.01)  and  was  even  more  pronounced  when  only  full  adults  were  considered 
(Table  1).  The  seasonal  performance  (Figure  1)  shows  the  most  common 
breeding  pattern  to  be  good  spring  litter  production  followed  by  near  or 
complete  quiescence  during  summer.  Only  in  1975  was  this  not  the  pattern. 
Presumably  summer  production  in  1975  was  in  response  to  an  abundant  supply 
of  spring  foods  coupled  with  inactivity  the  previous  breeding  season.  Obser¬ 
vations  and  trapping  through  late  summer  and  fall  1969  yielded  one  litter 
of  two  for  the  only  reproductive  female  (an  adult)  in  the  population. 

Neither  Brown  and  Yeager  (1945)  nor  Allen  (1943)  mentioned  such  disparity 
between  spring  and  summer  production.  Nixon  and  McClain  (1975,  p.  434) 
found  that  the  gray  squirrel  in  Ohio,  showed  nearly  equal  proportions  of 
adult  females  breeding  in  spring  and  summer.  Their  data  suggest,  however 
that  severe  fluctuations  in  proportions  of  females  breeding  do  occur. 
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Table  2.  Production  by  year  class  by  season  for  female  fox  squirrels,  Thompson  Woods,  Southern  Illinois 
University. 
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Significant  difference  in  proportions  breeding  in  spring  versus  summer,  XH  =  15.32,  p<0. 01 . 
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Figure  1.  Reproductive  performance  by  season  of  breeding  for  adult 
female  fox  squirrels,  Thompson  Woods,  1969-76. 

Chesemore  (1975,  p.  270)  showed  a  relatively  high  percentage  of  females 
1  acta ting  during  both  seasons  in  Oklahoma. 

Of  87  females  examined  both  spring  and  summer  in  Thompson  Woods, 
only  two  successfully  reared  two  litters  in  the  same  year  (1970  and  1973). 
There  is  no  record  of  any  female  producing  more  than  two  consecutive  litters. 
Smith  (1967)  reported  one  female  gray  squirrel  productive  for  nine  consecu¬ 
tive  seasons.  The  Thompson  Woods  population  departs  from  those  described 
by  Brown  and  Yeager  (1945)  and  Allen  (1943)  which  included  old  females 
typically  producing  two  litters,  and  young-of-the-year  one  litter.  Uhl i g 
(1956)  believed  20  to  30  percent  of  adult  female  gray  squirrels  bore  two 
litters  in  an  average  year;  and,  in  a  peak  year  (1954),  this  proportion  was 
40  percent.  Nixon  and  McClain  (.1975)  found  a  5-year  average  of  21.4  percent 
breeding  both  seasons. 
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Thirty  litters  prior  to  weaning  averaged  just  under  2  young  (1.97 
young/litter);  of  159  young  captured,  147  were  produced  by  70  females. 

Using  these  data  as  representative  of  individual  production  in  Thompson 
Woods,  an  average  litter  size  of  2.10  is  obtained.  For  this  datum  to  be 
reliable  it  must  be  assumed  that  ingress  or  egress  of  unmarked  young  was 
zero  or  that  discrepancies  by  season  cancel  rather  than  become  additive. 

The  two  sets  of  data  suggest  that  these  assumptions  were  satisfactorily  met. 

Because  many  of  the  159  young  captured  in  Thompson  Woods  were  3  to 
9  months  old  when  age  was  first  confirmed,  comparison  with  other  studies 
is  difficult.  However,  Moran  (1953)  found  an  average  litter  to  be  3.10 
based  on  placental  scars  from  a  refuge  population  of  females.  Brown  and 
Yeager  (1945,  p.  488)  using  counts  of  nestlings,  fetuses,  and  placental 
scars  obtained  an  average  of  2.51  young  per  litter  in  oak-hickory  upland 
habitat.  Using  similar  criteria  Allen  (1943,  p.  110)  obtained  an  average 
of  3.02  young  for  170  litters  in  Michigan. 

Average  litter  size  at  or  near  parturition  is  not  known  for  Thompson 
Woods;  also,  nestling  mortality  has  not  been  evaluated.  Eveland  (1974,  p. 
66)  considered  his  estimate  of  Thompson  Woods  litter  size  to  be  minimal 
and,  therefore,  comparable  to  that  previously  found  for  the  fox  squirrel. 

We  question  this  interpretation.  Thompson  Woods  is  considered  near  optimum 
fox  squirrel  habitat  with  an  abundance  of  tree  cavities  offering  excellent 
protection  and,  in  good  mast  years,  an  abundant  source  of  food.  Natural 
predators  are  scarce  with  dogs  offering  the  greatest  threat.  Despite  these 
favorable  conditions,  which  would  suggest  a  tendency  for  net  ingress  of 
new  individuals,  a  low  average  litter  size  was  observed.  The  predominance 
of  litters  having  one  or  two  young  with  only  one  litter  in  excess  of  three 
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young  ever  recorded  suggests  an  abnormally  low  average  litter  size.  The 
consistently  low  estimated  seasonal  averages,  never  surpassing  2.2  young 
per  litter,  further  support  this  contention. 

Seasonal  difference  in  average  litter  size  was  not  evident  as  five 
summer  litters  showed  2.2  young  compared  to  1.92  for  25  spring  litters. 
According  to  Brown  and  Yeager  (1945)  seasonal  difference  in  average  litter 
size  for  both  fox  and  gray  squirrels  was  negligible.  In  contrast,  adult 
gray  squirrels  in  Ohio  (Nixon  and  McClain  1975,  p.  433)  showed  summer  lit¬ 
ters  to  be  substantially  larger  than  those  in  spring.  Shorten  (1951)  and 
Smith  (1967)  reported  larger  summer  litters  for  gray  squirrels  from  both 
England  and  North  Carolina. 

From  a  management  standpoint  the  number  of  young  available  for  har¬ 
vest  and/or  breeding  is  of  importance.  Depending  on  juvenile  mortality, 
recruitment  can  contrast  sharply  with  productivity  indices  such  as  average 
litter  size,  number  of  juveniles  weaned,  or  proportion  of  females  breeding. 
A  standard  measure  of  rearing  success  is  the  ratio  of  young  to  adult  fe¬ 
males  in  the  succeeding  breeding  period  (December).  Data  for  Thompson 
Woods  (Table  3)  show  for  1970,  1973,  and  1975  relatively  large  numbers  of 
young  being  recruited  with  the  highest  level  in  1975.  Three  years  were 
notably  poor  with  negligible  production  occurring  in  1974.  Spring  litters 
normally  composed  the  bulk  of  recruits  suggesting  that  any  imposed  harvest, 
even  as  early  as  the  current  1  August  opening  in  southern  Illinois,  would 
result  in  little  loss  of  unborn  or  unweaned  litters.  Only  in  1975  would 
an  early  harvest  have  been  detrimental,  possibly  resulting  in  overharvest 
of  an  already  depressed  population. 
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Table  3.  Rearing  success  among  fox  squirrels  as  indicated  by  sex  and  age  ratios  from  December  live- 
trapping,  Thompson  Woods,  Southern  Illinois  University,  1968-75. 
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Spring  juveniles  included  as  adults. 


By  assuming  approximately  equal  susceptibility  to  live-trapping  and 
gun  harvest  it  is  possible  to  compare  data  on  rearing  success  in  Thompson 
Woods  with  those  from  large  samples  based  on  hunter  bat  checks.  The  jus¬ 
tification  of  this  assumption  reflects  data  collected  in  Michigan  (Allen 
1943,  p.  127)  where  these  two  methods  differed  little  in  percentages  of 
adults  and  juveniles  found  in  a  given  area  and  year.  Allen  (1943)  expected 
fall  age  ratios  of  about  60  percent  young-of-the-year  in  a  stable  population. 
Assuming  a  50  percent  sex  ratio  among  adults,  a  rearing  success  value  of 
3.0  (60  young  per  20  adult  females)  would  be  anticipated.  Actual  values 
obtained  from  kill  data  on  experimental  areas  in  Michigan  ranged  from  27 
to  79  percent  juveniles;  this  reflects  approximately  0.7  to  8.0  young  per 
adult  female.  Kline  (1964)  noted  several  authors  reporting  a  preponderence 
of  juveniles  in  the  harvest  (Moran  1953,  Packard  1956,  Yeager  1959).  Others, 
however,  found  equal  age  ratios  (Allen  1952)  or  a  majority  of  adults  (Brown 
and  Yeager  1945,  Chapman  1938,  Kidd  1955).  Kline's  (1964)  data  for  nearly 
10,000  Iowa  fox  squirrels  reflected  a  juvenile :adul t  ratio  of  1:17  to  1:00. 
Using  an  even  sex  ratio  in  the  calculations,  this  corresponds  to  2.34  young 
reared  for  each  adult  female.  An  average  rearing  success  of  0.88  young 
per  adult  female  over  a  7-year  period  occurred  in  Thompson  Woods.  This 
low  figure  agrees  with  data  previously  presented  on  proportions  of  reproduc- 
tively  active  adults  and  average  litter  size;  it  suggests  that  poor  recruit¬ 
ment  in  Thompson  Woods  is  a  function  of  depressed  production  and  not  greatly 
influenced  by  juvenile  mortality.  Kline  (1964)  was  convinced  that  many 
studies  showing  a  high  percentage  of  adults  in  fall  populations  and  there¬ 
fore  a  low  rearing  success,  were  a  result  of  inaccurate  aging  techniques. 
Because  most  juveniles  in  Thompson  Woods  were  enumerated  and  captured  at 
a  relatively  early  age  and  followed  throughout  their  lives,  Kline's 
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explanation  is  not  applicable  to  our  studies.  There  was  substantial  yearly 
variation  in  production  and  associated  rearing  success  which  may  explain 
contrasting  reports  in  the  literature. 

The  importance  of  young  squirrels  produced  in  Thompson  Woods  to  the 
total  population  is  illustrated  in  Figure  2.  It  is  readily  apparent  that 
in-woods  production  could  not,  at  current  levels,  maintain  a  stable  popula¬ 
tion.  Substantial  population  declines  and  extended  periods  of  reproductive 
inactivity  may  occur  in  unexploited  populations  occupying  favorable  habitats. 
The  numbers  of  ingress ing  individuals  exceeded  production  of  young  in  9  of 
13  seasons  even  though,  on  the  average,  6.69  individuals  were  added  per 
season  through  ingress  compared  to  8.67  individuals  produced.  Ingressing 


1968  1969  1970  1971  1972  1973 


1974  1975  1976 


Figure  2.  Trends  in  population  size,  by  quarter,  Thompson  Woods,  Southern 
Illinois  University,  1968-76.  Ingress  and  production  for  entire 
year  recorded  in  December  quarter. 
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squirrels  (Figure  2)  were  largely  adults  which  entered  the  woodlot  during 
Falls  having  good  mast  crops.  These  data  clearly  indicate  that  immigration 
played  a  substantial  role  in  the  maintenance  of  population  levels  in 
Thompson  Woods. 

Evaluation  of  factors  possibly  responsible  for  the  low  reproductive 
rates  observed  in  Thompson  Woods  was  accomplished  using  a  multiple  regres¬ 
sion  analysis.  Variables  useful  in  distinguishing  productive  females  from 
nonbreeders  were  related  to  some'  characteristic  of  the  breeding  season  and 
not  the  individual.  Adult  females  were  more  likely  to  be  productive  in 
spring  seasons  following  abundant  crops  of  tree  seed.  Spring  production 
by  adult  females  was  also  negatively  correlated  with  the  proportion  of 
subadults  in  the  population.  It  is  interesting  that  individual  character¬ 
istics  such  as  chronological  age,  body  weight,  home  range,  and  the  inci¬ 
dence  of  external  parasites  or  disease  were  of  no  value  in  distinguishing 
breeding  from  nonbreeding  adults.  The  question  of  why  some  females  remain 
unproductive  in  years  of  high  reproductive  activity  or  vice  versa  is  still 
unanswered. 
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ABSTRACT 

Predation  susceptibility  and  selected  behavioral 
responses  were  evaluated  as  potential  targets  on  which 
selection  might  act  to  maintain  the  balanced  poly¬ 
morphism  in  cricket  frogs,  Acris  crepitans.  There 
were  no  significant  differences  in  predation  suscepti¬ 
bility,  substrate  and  water  preference  or  shoreline 
distribution  among  red,  green  or  gray  striped  frogs 
from  southern  and  central  Illinois. 

INTRODUCTION 


The  cricket  frog,  Acris  crepitans ,  exhibits  a  genetically  based 
color  polymorphism  and  displays  a  green,  red  or  gray  vertebral  stripe. 
Green  stripe  is  dominant  to  the  nongreen  condition  (i.e.,  red  or  gray) 
and  red  is  dominant  to  gray  (Pyburn,  1961a;  1961b).  The  species  occurs 
from  northeastern  Mexico  to  southern  Wisconsin  and  east  to  the  Atlantic 
Coast  and  is  adapted  to  various  local  temperature  and  moisture  conditions 
ranging  from  semidesert  to  swamp.  Factors  determining  morph  frequency 
in  different  geographical  locations  have  been  the  subject  of  consider¬ 
able  speculation  (Pyburn,  1961a;  Wendelken,  1968;  Nevo,  1973;  Milstead 
et  al . ,  1974).  Demonstration  of  adaptive  or  nonadaptive  value  of  color 
morphs  would  provide  insights  into  the  concept  of  amphibian  polymorphism. 
In  this  study,  I  investigated  possible  morph  differences  in  predation 
susceptibility  on  various  substrates  and  selected  behavioral  attributes 
(substrate  and  water  preference  and  shoreline  distribution)  on  which 
selection  might  act  to  maintain  the  balanced  polymorphism  in  Illinois 
cricket  frogs. 


MATERIALS  AND  METHODS 


Predation  Susceptibility 

Predation  susceptibility  was  tested  in  a  20-gallon  aquarium  (33  cm 
wide,  61  cm  long)  with  different  substrates.  Garter  snakes  (Thamnophis 
sirtalis  and  T.  radix),  northern  water  snakes  (Matrix  sipedon) ,  and 
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juvenile  bullfrogs  (Rana  oatesbeiana) ,  all  reported  (Carpenter,  1952; 
Lewis,  1962;  Fitch,  1965;  Wendelken,  1968)  or  observed  to  eat  Acvis 
were  used  as  predators.  Aquaria  bottoms  were  covered  with  mud,  grass, 
leaves  or  rocks  and  a  bowl  (21  cm  diam. ,  6.5  cm  deep)  of  water  was 
buried  to  its  rim  in  the  center.  Aquaria  sides  were  painted  to  match 
substrate  color  and  large  mesh  cheesecloth  covered  the  top.  Substrates 
were  obtained  from  the  same  locations  as  prey  and,  thus,  reflected 
natural  habitat  colors.  Cricket  frogs  were  collected  from  (1)  Six 
Mile  Creek,  Woodford  County,  8  miles  northwest  of  Normal,  (2)  Dawson 
Lake,  McLean  County,  15  miles  southeast  of  Bloomington,  both  in  central 
Illinois  and  (3)  the  La  Rue  Pine  Hills  Swamp,  Union  County,  8  miles 
southeast  of  Grand  Tower  in  southern  Illinois.  Prey  were  placed  in  the 
chamber  in  varying  morph  frequencies  and  after  30  min.,  a  predator  was 
introduced. 

Two  60-watt  bulbs  were  suspended  overhead  in  all  tests  except 
controls  which  were  run  in  the  dark.  Duration  of  each  test  varied  with 
predator  feeding  rate  and  prey  (frog)  population  size.  The  latter  was 
varied  to  determine  effects  of  prey  density.  Snakes  were  used  individu¬ 
ally,  and  one  complete  test  consisted  of  one  snake  feeding  for  1  hr. 
Bullfrogs  were  used  as  a  group  and  one  complete  test  consisted  of  eight 
predators  feeding  for  20  hr  on  small  prey  populations  (<36),  or  for  2, 

3  or  4  days  on  large  prey  populations  (>52).  In  each  case  the  number  of 
frogs  eaten  for  each  color  class  was  compared  with  that  in  the  initial 
prey  population  by  chi-square. 

Substrate  Preference 


Substrate  preference  of  escaping  frogs  was  determined  for  each  morph 
in  a  20-gal  aquarium  bisected  at  one  end  by  a  vertical  plexiglass  sheet. 
The  resulting  two  sections  were  provided  with  a  mud,  grass  or  water  sub¬ 
strate.  A  small  five  sided  cardboard  "starting  chamber"  was  placed  15  cm 
in  front,  with  an  open  side  toward  the  divider.  The  rear  of  the  starting 
chamber  had  a  small  circular  opening  through  which  frogs  from  Dawson  Lake 
(central  Illinois)  and  Pine  Hills  (southern  Illinois)  were  individually 
inserted,  head  first.  Frogs  were  forced  to  exit  through  the  open  front 
by  prodding  from  the  rear  opening.  Thus,  test  animals  were  given  a  choice 
between  one  of  two  substrates.  After  20  frogs  of  each  morph  from  both 
central  and  southern  Illinois  were  tested  and  their  choices  recorded, 
substrate  positions  were  reversed  and  tests  repeated.  Results  of  each 
run  (original  and  reciprocal)  were  combined  to  give  40  possible  choices/ 
morph  for  each  substrate  combination.  Similar  tests  were  performed 
in  situ  on  the  mud  bank  of  a  farm  pond  in  McLean  County  about  5  miles 
southwest  of  Bloomington  (central  Illinois).  Exit  from  the  starting 
chamber  was  parallel  to  the  shoreline.  Frogs  were  collected,  placed  in 
the  starting  chamber  and  induced  to  leave.  Their  initial  escape  toward 
grass  or  water  was  recorded.  Potential  differences  among  morphs  were 
compared  by  chi-square. 

Water  Preference 


To  test  Wendel ken's  (1968)  contention  that  red  striped  frogs  were 
more  likely  to  enter  water  for  escape,  the  following  test  was  performed. 
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A  20-gal  aquarium  was  arranged  with  water  and  soil  at  opposite  ends  to 
simulate  a  pond  with  a  gradually  sloping  bank.  Thirty  frogs  of  each 
morph  from  Pine  Hills  (southern  Illinois)  and  Dawson  Lake  (central 
Illinois)  were  placed  individually  on  mud  at  the  edge  of,  and  facing, 
the  water  and  induced  to  enter.  The  number  of  frogs  that  entered  the 
water  and  dove  to  the  bottom  versus  those  that  entered  and  immediately 
returned  to  shore  was  recorded.  Potential  differences  among  morphs  were 
compared  by  chi-square.  Submergence  times  of  divers  were  measured  to 
the  nearest  second  with  a  stopwatch  and  differences  among  morphs  tested 
by  analysis  of  variance.  The  test  procedure  was  repeated  in  situ  with 
25  frogs  of  each  morph  at  a  farm  pond  in  central  Illinois. 

Distribution  Perpendicular  to  Shore 

To  determine  if  Aoris  color  morphs  were  differently  distributed 
perpendicular  to  the  water  line,  collections  were  made  in  three  transects 
parallel  to  the  shore  (i.e.,  at  the  water  line,  on  the  mud  bank,  and  in 
grass)  at  two  localities  in  central  and  one  in  southern  Illinois. 
Potential  differences  among  morphs  were  compared  by  chi-square. 

Human  Disturbance 


Behavioral  differences  among  morphs  after  human  disturbance  were 
investigated  in  the  natural  habitat  by  a  method  similar  to  Wendel ken's 
(1968).  Initial  morph  frequencies  were  obtained  by  slowly  walking  the 
shore  and  recording  the  number  of  frogs  in  each  color  class.  Frogs  were 
then  induced  to  hide  by  rapidly  walking  back  and  forth,  parallel  to  the 
shore  and  kicking  rocks,  sticks  and  tufts  of  grass.  After  15  min.,  morph 
frequencies  were  again  determined  and  compared  to  the  first  by  chi-square. 
The  procedure  was  repeated  at  15  different  localities  in  Illinois  during 
the  spring  of  1970. 


RESULTS 


Seven  trials,  including  a  control,  were  run  on  mud,  grass  or  leaves 
with  initial  prey  populations  of  53  or  more  animals.  Although  prey 
populations  were  reduced  52-77%,  chi-square  tests  showed  no  significant 
differences  ( P  > 0 . 05 )  between  the  ratio  of  morphs  eaten  and  that  of 
initial  populations.  The  same  was  observed  for  36  trials,  including 
seven  controls  run  on  mud,  rock,  grass  or  leaves,  with  prey  populations 
of  35  or  less  which  were  reduced  15-77%.  Prey  density  had  no  apparent 
affect  on  differential  predation. 

Seven  trials  including  three  different  substrate  combinations  (mud 
or  grass,  mud  or  water,  grass  or  water)  presented  to  southern  and  central 
Illinois  cricket  frogs  failed  to  reveal  significant  differences  among 
morphs  ( P  > 0. 05) .  The  same  was  true  for  water  preference  tests  with 
frogs  from  the  same  locations.  Frogs  generally  preferred  mud  or  water 
to  grass.  However,  frogs  entering  water  were  reluctant  to  dive  and  most 
immediately  returned  to  shore.  The  number  of  divers  was  2-3  times  greater 
in  the  natural  habitat  than  in  laboratory  tests.  However  in  all  tests, 
number  of  divers  was  less  than  the  number  returning  to  shore.  Submergence 
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time  of  divers  ranged  from  45  to  72  sec  and  was  longer  in  the  natural 
habitat.  Analysis  of  variance  showed  no  significant  differences  (P>0.05) 
among  morphs. 

Ten  comparisons  among  the  ratio  of  morphs  in  shoreline  transects 
(sample  size  ranged  from  64  to  642  frogs)  and  morphs  sampled  before  and 
after  human  disturbance  (initial  sample  sizes  at  15  localities  in  Illinois 
ranged  from  15-77  frogs)  revealed  no  significant  differences  (P>0.05). 

DISCUSSION 


The  lack  of  significant  differences  among  Aoris  morphs  to  evade 
predation  on  various  substrates  suggests  visual  selection  by  predators 
may  not  be  a  factor  in  maintaining  this  polymorphism.  My  data  and  the 
lack  of  differential  predation  in  experiments  with  birds  (Wendelken, 

1968)  present  an  argument  against  the  visual  selection  hypothesis.  Pyburn 
(1961a)  suggested  visual  selection  by  predators  on  terrestrial  frogs 
favored  gray  morphs  on  a  mud  bank  and  red  and  green  morphs  when  vegetation 
was  abundant.  However,  Wendelken  (1968),  investigating  visual  selection 
with  great- tailed  grackles,  Cassidix  mexicanus ,  as  predators,  found  no 
support  for  Pyburn' s  hypothesis. 

Wendelken's  (1968)  study  revealed  potential  behavioral  differences 
among  morphs.  Red  striped  frogs  apparently  entered  the  water  more  often 
and  remained  longer  to  escape  predation.  Wendelken  also  performed  two 
"walking  experiments"  similar  to  my  human  disturbance  experiments  and 
verified  a  behavioral  difference.  However,  my  behavior  and  "walking 
experiments"  failed  to  indicate  morph  specific  behavioral  differences  in 
Illinois  populations. 

Nevo  (1973)  presented  evidence  that  selection  may  act  on  morph  asso¬ 
ciated  physiological  factors.  He  found  extra  large  (2. 0-2. 5  g)  gray  morphs 
from  Texas  were  more  resistant  to  desiccation  than  red  morphs.  However, 
Gray  (1977)  recorded  no  morph  associated  differences  in  desiccation  rate 
and  other  physiological  characteristics  in  Illinois.  Milstead  (1974) 
hypothesized  apostatic  selection  in  maintaining  color  polymorphism  in 
A.  crepitans. 

Selective  value  of  Acris  color  morphs  has  been  attributed  to  protec¬ 
tive  coloration  or  certain  cryptic  physiological  or  behavioral  differences 
controlled  by  pleiotropic  genes.  However,  in  the  absence  of  conclusive 
evidence,  the  selective  value  of  color  and  pattern  variations  and  extent 
of  physiological  or  behavioral  differences  among  morphs  must  be  evaluated 
throughout  the  species  range  to  ascertain  the  adaptive  value  of  this 
polymorphism. 
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Abstract  -  When  synthetic  glasses  of  composi¬ 
tions  similar  to  those  found  in  the  Type  B 
Ca-Al-rich  Allende  chondrules  were  devitrified 
by  heating,  chondrule-like  aggregates  of  diop- 
side  formed  along  with  spherulitic  and  skeletal 
development  of  melilite  and  diopside.  Poiki- 
litic  and  eutectic  growths  of  spinel  were  also 
common  as  an  associated  phase.  These  features 
have  a  resemblance  to  textures  found  in  certain 
Allende  chondrules,  demonstrating  that  some 
Allende  chondrules  with  these  textures  and  of 
these  compositions  could  also  have  originated 
by  devitrification  of  glasses.  From  the  results 
of  this  study,  these  textural  similarities 
suggest  a  possible  liquid  solid  origin  for 
some  of  the  Ca-Al-rich  Allende  chondrules , 
either  directly  or  by  devitrification. 


INTRODUCTION 


The  white  Ca-Al-rich  chondrules  and  inclusions  present 
in  the  Allende  Type  III  carbonaceous  chondrite  have  received 
considerable  attention  due  to  their  unusual  chemistry  and 
mineralogy  and  the  general  belief  that  they  may  represent 
high  temperature  condensates  from  the  primordial  solar  nebula. 
Clarke  et  al .  (1970)  recognized  three  distinct  types  of  white 

chondrules:  type  a,  consisting  of  the  mineral  assemblage 

melilite-fassaite-anorthite-spinel ;  type  b,  composed  of 
anorthite-forsterite-spinel ;  and  type  c,  characterized  by 
the  assemblage  nepheline-sodalite-fassaite-olivine .  Gross- 
man  (1975)  later  reclassified  these  Ca-Al-rich  chondrules 
and  inclusions  into  two  major  types  (Types  A  and  B)  based 
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on  differences  in  abundance,  morphology  and  composition  of 
the  clinopyroxene  present.  Clinopyroxene  is  the  major  phase 
in  Type  B  inclusions,  but  it  is  usually  absent  in  the  Type  A. 

Type  a  chondrules  ,  as  described  by  Clarke  et  al .  (1970  ), 
are  characterized  by  their  occurrence  as  prominent  spherules 
with  melilite  (occurring  as  prismatic  crystals)  as  the  most 
abundant  mineral  in  the  assemblage  (^40  percent);  pyroxenes 
represent  approximately  30  percent  of  the  remaining  minerals, 
with  anorthite  (^10  percent)  and  spinel  (^20  percent)  com¬ 
pleting  the  assemblage.  The  Type  B  classification  of  Grossman 
(1975)  appears  to  be  the  equivalent  of  the  Clarke  et  al . 

(1970)  type  a  classification,  and  it  better  represents  the 
textural  results  of  the  present  study.  Type  b  chondrules 
are  smaller  than  those  of  type  a  and  consist  largely  of 
prismatic  crystals  of  anorthite  with  minor  amounts  of  spinel 
contained  within.  Small  amounts  of  forsterite  generally 
occur  interstitial  to  the  anorthite.  Type  c  chondrules  are 
rare.  They  are  extremely  fine-grained  and  consist  of  sodalite, 
nepheline,  clinopyroxene  and  olivine.  In  contrast  to  Clarke 
et  al.  (1970),  Grossman  (1975)  does  not  consider  these  fine¬ 
grained  chondrules  in  his  classification  scheme  because  of 
their  rarity  and  concentrates  on  the  more  abundant  coarse¬ 
grained  material. 

The  origin  of  these  Ca-Al-rich  chondrules  has  been  var¬ 
iously  interpreted.  Controversy  exists  as  to  whether  they 
formed  as  high  temperature  solid  condensates  from  a  gas  of 
solar  composition  (Grossman,  1972,  1973,  1975;  Grossman  and 
Clark,  197  3  ;  Grossman  and  Ganpathy ,  1976  ;  Grossman  and  Lari¬ 
mer,  1974;  Lord,  1965;  and  Larimer,  1967)  or  by  crystalliza¬ 
tion  from  either  a  supercooled  liquid  or  a  reheated  solid 
(Blander  and  Katz,  1967;  Blander  and  Fuchs,  1975;  Kurat  et 
al.  ,  1975  ;  Whipple,  1972  ;  Cameron,  1973  ;  and  Chou  et  al .  , 

1976) . 


Hypotheses  such  as  these  are  based  upon  elemental  abun¬ 
dance  data  (Cameron,  1970)  and  thermodynamic  calculations 
which  permit  the  prediction  of  a  condensation  sequence  for 
the  primordial  solar  nebula.  These  predictions  are  largely 
theoretical  and  lack  experimental  tests.  In  the  present 
study  we  have  attempted  to  produce  the  observed  textures  in 
the  Type  B  allende  chondrules  as  described  by  Grossman  (1975) 
and  discuss  some  possible  implication  for  their  origin. 


EXPERIMENTAL  PROCEDURE 


The  experiment  was  designed  to  observe  the  textures 
and  mineralogies  resulting  from  the  subliquidus  heating  and 
later  cooling  of  glass  spherules  with  a  range  of  compositions 
encompassing  those  of  the  Type  B  (Grossman,  1975)  Allende 
chondrules  (see  Table  1).  Due  to  the  complexity  of  the 
system  Ca0-Mg0-Al203-Si02  (Prince,  1954),  only  those  compo- 
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TABLE  1.  Chemical  compositions  of  experimental 
glass  spherules  and  of  Ca-Al-rich 
Allende  inclusions. 


Glass 


Glass  Spherules 
Weight  percent  oxides 


Refractive 


Compositions 

SiO  2 

CO 

O 

CM 

rH 

< 

CaO 

MgO 

Index 

A 

20.0 

37.1 

32.9 

10.0 

1.629 

B 

21.5 

25.  5 

43.0 

10.0 

1.613 

C 

23.5 

23.5 

43 . 0 

10.0 

1.615 

D 

25.1 

35.7 

29  .  2 

10 . 0 

1.628 

E 

30.0 

30.8 

29  .  2 

10.0 

1.607 

F 

30  .  0 

31. 5 

28  .  5 

10 . 0 

1.613 

G 

34.9 

18.4 

36.7 

10.0 

1.627 

H 

35.0 

17.0 

38.0 

10.0 

1.629 

I 

40. 0 

25.6 

24.4 

10.0 

1.603 

J 

40. 0 

26  .  5 

23.  5 

10 . 0 

1.602 

K 

42. 0 

19 . 0 

29  .  0 

10.0 

1.603 

L 

44.0 

17 . 0 

29 . 0 

10 . 0 

1.606 

M 

45. 0 

20  .  0 

25.0 

10 . 0 

1.601 

Allende 

inclusions 

Sample 

Weight  percent  oxides 

Number 

Si02 

AI2O3 

CaO 

MgO 

10/  5  1 

28  .  2 

27 . 7 

33.0 

8.7 

3  52  9G  2 

29 . 8 

31.6 

26.8 

10.8 

31  2 

29.9 

26.7 

30 . 3 

9.  0 

3 6 58  2 

30.9 

29  .  8 

26.0 

10.4 

10  /  2  1 

32.8 

27.8 

24.4 

10.4 

1  Courtesy  of  Louis  H.  Fuchs,  Argonne  National 
Laboratory 

2  Courtesy  of  Brian  Mason,  National  Museum  of 
Natural  History,  Washington,  D.  C. 
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sitions  corresponding  to  the  10  percent  MgO  plane  were  examined 
(figure  1).  Only  glass  compositions  E  and  F  (see  Table  1) 
closely  resemble  those  of  actual  Allende  chondrules. 

The  experiment  started  with  homogeneous  glass  spherules 
prepared  according  to  a  modification  of  the  procedure  described 
by  Nelson  et  al.  (1972).  The  CaO ,  MgO,  A1203 ,  Si02  used  in 
manufacturing  the  glass  spherules  were  of  99.9  percent  purity 
and  were  combined  in  the  desired  proportions  into  rolled  rods 
which  were  melted  by  a  continuous-wave  carbon  dioxide  laser 
(spot  diameter  ^lmm;  beam  power  5-300w;  wavelength  10.6  urn). 

The  use  of  this  laser  was  generously  supplied  by  Dr.  Lloyd  S. 
Nelson  of  Sandia  Laboratories.  The  operation  of  the  laser 
and  manufacture  of  the  glass  spherules  was  performed  by  Dr. 

Milton  Blander  of  Argonne  National  Laboratory.  A  rapidly 
rotating  oxide  rod  was  placed  into  the  focused  beam  of  the 
laser;  molten  droplets,  ranging  in  size  from  0.3  to  3mm,  were 
spun  off  and  solidified  into  glass  during  freefall  in  air  at 
one  atmosphere  pressure. 

The  homogeneity  of  the  glass  spherules  used  in  this  study 
was  determined  by  immersion  in  refractive  index  liquid  utili¬ 
zing  a  technique  described  by  Sood ,  1969.  Determination  for 
glass  purity  was  made  optically  and,  in  test  cases,  by  powder 
camera  x-ray  diffraction  and  electron  microprobe  examination. 

The  specimens  selected  for  devitrification  were  uniform  in 
size  (^lmm)  and  contained  no  evidence  of  any  crystallization. 
Nelson  et  al.  (1972),  using  a  similar  method  of  forming 
spherules,  recognized  partial  crystallization  can  occur  during 
freefall.  This  was  also  noted  in  this  study  by  the  presence 
of  "frosted"  spherules. 

To  prevent  volatilization  or  contamination  during  devit¬ 
rification,  the  glass  spherules  were  sealed  in  platinum  enve¬ 
lopes  and  placed  in  an  alundun  boat  in  the  center  of  the 
furnace  to  insure  minimal  temperature  variation.  The  majority 
of  the  glass  spherules  were  devitrified  at  temperatures  of 
1000°  and  1100° C  for  periods  of  10  days.  Additional  experimental 
runs  were  conducted  on  select  compositions  at  lower  temperatures 
(820°C)  and  higher  (1200°  to  1300°C)  for  comparison  (see 
Table  2).  Quenching  of  the  devitrified  spherules  was  instan¬ 
taneous  producing  disequilibrium  features.  Many  of  the  glass 
spherules  flowed  into  irregular-shaped  masses. 

The  furnaces  used  for  devitrification  were  equipped 
with  built-in  thermocouples.  To  verify  the  accuracy  of  the 
instrumentation,  measurements  were  taken  and  compared  to  a 
Pt-10  Rh  thermocouple  previously  calibrated  at  the  melting 
point  of  sodium  chloride  (800. 4° C)  and  gold  (1064.4° C).  An 
ice  bath  was  used  as  a  reference  junction  to  standardize  the 
temperature  measurements  which  were  recorded  on  a  millivolt 
potentiometer.  Temperature  measurements  were  determined  to 
be  accurate  to  within  ±10° C  of  the  stated  values. 
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SiQ2  90% 


Figure  1.  The  10  percent  plane  of  the  system  Ca0-Mg0-Al203-SiC>2 

showing  the  location  of  glass  compositions  (see  Table  1)  and 
their  primary  fields  of  crystallization  (after  Prince,  1954). 
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TABLE  2.  Devitrification  Data  (Mel  =  melilite; 


Sp 

=  spinel 

;  Di  = 

diopside 

;  An  = 

anorthite ; 

Mer  =  merwinite; 

DCS 

=  dicalcium 

silicate ; 

Qz 

=  quartz 

;  G1  = 

glass ) 

Glass 

Run 

Temp 

Duration 

Comp . 

No. 

C 

Days 

Phases 

A 

0037 

1100 

10 

Mel 

+ 

Sp 

+ 

G1 

0016 

1000 

10 

Mel 

+ 

Sp 

+ 

Di 

0055 

820 

60 

Mel 

+ 

Sp 

+ 

Di 

B 

0033 

1100 

10 

Mel 

+ 

Sp 

+ 

Di  +  G1 

0020 

1000 

10 

Mel 

+ 

Sp 

+ 

Mer  +  G1 

0053 

820 

60 

Mer 

+ 

Mel 

+  Sp  +  G1 

C 

0044 

1300 

2 

Mel 

+ 

Sp 

+ 

DCS  +  Mer 

+  G 

0040 

1200 

1 

Mel 

+ 

Mer 

+  Sp  +  DCS 

+  G 

0035 

1100 

10 

Mel 

+ 

Sp 

+ 

Mer  +  G1 

0052 

820 

60 

Mer 

+ 

Mel 

+  Sp  +  G1 

D 

0003 

1100 

3 

Mel 

+ 

Sp 

+ 

Di 

0009 

1100 

14 

Mel 

+ 

Sp 

+ 

Di 

0023 

1000 

7 

Mel 

+ 

Sp 

+ 

Di 

E 

0030 

1100 

10 

Mel 

+ 

An 

+ 

Di  +  Sp  + 

Gl 

0015 

1000 

10 

Mel 

+ 

An 

+ 

Sp  +  Di  + 

Gl 

0050 

820 

60 

Mel 

+ 

An 

+ 

Di 

F 

0036 

1100 

10 

Mel 

+ 

Di 

+ 

Sp  +  Gl? 

0026 

1000 

10 

Mel 

+ 

Sp 

+ 

An  +  Di 

0056 

820 

60 

Mel 

+ 

Sp 

+ 

An? 

G 

0006 

1100 

3 

Mel 

+ 

An 

+ 

Sp  +  Di? 

+  Gl 

0010 

1000 

4 

Mel 

+ 

Di 

+ 

Sp?  +  Gl 

(cont . ) 
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TABLE  2  ( cont . ) 


Glass 

Run 

Temp 

Duration 

Comp. 

No. 

C 

Days 

Phases 

H 

0019 

1100 

10 

Mel 

+ 

Sp 

+ 

G1 

0034 

1000 

10 

Mel 

+ 

Di 

+ 

Sp? 

4 

•  G1 

0047 

820 

60 

Mel 

+ 

Sp 

+ 

G1 

I 

0032 

1100 

10 

Mel 

+ 

An 

+ 

Di 

+ 

G1 

0018 

1000 

10 

Mel 

+ 

Di 

+ 

An 

+ 

Gl? 

0054 

820 

60 

Mel 

+ 

An 

J 

0017 

1100 

10 

Mel 

+ 

An 

+ 

Di 

+ 

Sp?  +  Gl 

0031 

1000 

10 

Mel 

+ 

An 

+ 

Di 

+ 

Gl 

0057 

820 

60 

An 

Di  + 

Mel 

K 

0041 

1250 

1 

Mel 

+ 

An 

+ 

Di 

+ 

Sp?  +  Gl 

0039 

1200 

1 

Mel 

+ 

An 

+ 

Di 

+ 

Sp  +  Gl 

0038 

1100 

10 

Mel 

+ 

An 

+ 

Di 

+ 

Sp 

L 

0029 

1100 

10 

Mel 

+ 

Di 

+ 

An 

+ 

Sp  +  Gl 

0014 

1000 

10 

Mel 

+ 

An 

+ 

Di 

+ 

Sp  +  Gl 

0049 

820 

60 

Mel 

+ 

An 

+ 

Di 

+ 

Gl 

M 

0028 

1100 

10 

An 

+ 

Di  + 

Mel 

+ 

Sp?  +  Gl 

0013 

1000 

10 

An 

+ 

Di  + 

Mel 

+ 

Gl 

0048 

820 

60 

An 

+  ; 

Mel 

+ 

Di 

+ 

Gl? 
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Mineral  phases  were  identified  generally  by  the  powder 
camera  X-ray  diffraction  method.  Textures  and  certain  mineral 
phases  were  determined  using  standard  optical  microscopy 
techniques.  Some  minor  phases  were  determined  by  individual 
X-ray  analyses. 


EXPERIMENTAL  RESULTS 


Mineralogy 

The  mineralogies  observed  are  presented  in  Table  2  along 
with  the  initial  glass  composition  letter  designation  (see 
Table  1)  and  temperatures  of  the  various  runs.  In  the  majority 
of  the  experimental  runs  melilite  appears  as  the  principal 
phase  and  generally  assumes  a  tabular  elongated  or  blade-like 
hqbit  surrounded  by  lighter  colored  clusters  or  stringers  of 
diopside  (figure  2).  Spinel  occurs  in  most  specimens  as 
euhedral  to  subhedral  crystals  of  highest  refractive  index 
(see  figure  3).  Anorthite  is  generally  interstitial  between 
the  melilite  and  diopside  and  is  easily  distinguishable  by 
its  relatively  lower  refractive  index.  Although  melilite, 
diopside,  spinel  and  anorthite  were  observed  as  the  principal 
phases  in  most  runs  ,  merwinite  and  di-calcium  silicate  occurred 
as  significant  minor  phases  in  many  runs  of  "B"  and  "C" 
compositions  (Table  2).  Their  order  of  crystallization  was 
not  determined. 

Texture 


In  most  runs  melilite,  diopside,  spinel  and  anorthite 
display  eutectic,  poikilitic  and  spherulitic  textures,  along 
with  ovoid  ,  tight-fitting  aggregates  and  skeletal  textures 
with  and  without  the  presence  of  a  glassy  matrix.  All  of 
these  textures  are  consistent  with  their  known  origin  in  this 
case  by  crystallization  from  a  glass.  Some  of  the  textures 
evident  in  the  present  study  are  also  consistent  with  crystal¬ 
lization  from  a  liquid.  The  textural  relations  of  selected 
experimental  runs  are  discussed  below  in  order  to  evaluate 
a  possible  crystallization  origin  for  similar  textures  found 
in  some  Allende  chondrules  and  inclusions. 


DISCUSSION 


The  origin  of  chondrules  centers  around  two  accepted 
hypotheses.  First,  that  chondrules  may  represent  "primary" 
objects  which  condensed  from  the  relatively  slow  cooling 
of  a  gaseous  nebula  of  solar  composition  as  either  a  liquid 
(Blander  and  Katz,  1967)  or  as  a  solid  (Grossman,  1972) 
condensate.  The  second  suggests  the  chondrules  may  be 
"secondary"  objects  formed  by  the  chemical  alteration  of  pre¬ 
existing  solids  ,  or  as  a  product  of  a  reheating  process 
(see  Fredriksson,  1963;  Whipple,  1966;  and  Lange  and  Larimer, 


368 


1973).  If  chondrules  prove  to  be  "primary"  condensates, 
then  they  may  represent  the  original  planetesimals  from 
which  the  planets  are  believed  to  have  accreted. 

A  major  controversy  centers  around  the  temperature  regimes 
(high  vs.  low)  and  formational  mechanism  of  either  gas  solid 
or  liquid  -*  solid  transitions  for  the  origin  of  the  Ca-Al-rich 
Allende  inclusions.  Grossman  (1973),  on  the  basis  of  large 
enrichments  of  refractory  trace  elements  (La,  Sm,  Eu,  Yb ,  Sc 
and  Ir),  favors  high  temperature  gas  -*  solid  condensation. 

This,  to  some  extent,  conforms  to  Lord's  (1965)  calculations 
on  high  temperature  condensates  of  solar  nebula  composition. 

Blander  and  Fuchs  (1975)  favor  the  crystallization  of 
analogous  mineral  assemblages  from  a  liquid  phase  based  on 
textural  (spherical,  ovoid  aggregate  shapes,  eutectic  and 
poikilitic  textures  in  Allende  inclusions),  thermodynamic 
and  chemical  considerations.  Also,  they  cite  the  presence  of 
glass  and  the  fine  grain  size  of  these  inclusions  as  additional 
evidence  for  a  liquid  ->■  solid  transition.  They  further  suggest 
that  such  a  transition  could  take  place  from  a  "metastable 
subcooled  liquid"  500° K  below  the  liquidus  temperatures  of 
CaO-Al203  (15%  CaO)  mixtures.  This  is  contrary  to  the  pro¬ 
posal  of  Grossman  (1972,  1973).  The  present  study  provides 
experimental  data  which  corresponds  to  the  thermal  calcula¬ 
tions  of  both  Grossman  (1972)  and  Blander  and  Fuchs  (1975). 

It  offers  support  for  Blander  and  Fuchs'  (1975)  theory  that 
Allende  chondrules  could  have  crystallized  a  Ca-Al-rich 
assemblage  at  considerably  lower  temperatures  than  predicted 
by  Grossman  (1972). 

In  the  Ca-Al-rich  Allende  inclusions ,  there  is  consider¬ 
able  evidence  suggestive  of  a  liquid  -*■  solid  transition.  A 
coarse-grained  inclusion,  specimen  10/2  (see  Blander  and 
Fuchs,  1975)  with  a  mineral  assemblage  characteristic  of  the 
Type  B  chondrules  of  Grossman  (1975),  has  spinel  occurring 
as  small  rounded  euhedral  grains  tightly  situated  between  the 
enclosing  phases.  This  textural  feature  indicates  that  spinel 
formed  first  but  was  partially  resorbed,  presumably  by  a 
liquid,  before  being  enclosed -by  the  latter  phases.  The 
fact  that  the  enclosing  phases  do  not  have  euhedral  textures 
supports  rapid  growth. 

Experimental  run  0026  (figure  3)  of  the  present  study 
offers  support  for  a  liquid  -*  solid  transition  for  inclusion 
10/2.  In  this  devitrified  spherule,  the  poikilitic  growth 
of  spinel  is  evident  within  the  surrounding  melilite  and 
diopside  phases.  In  this  experimental  run  (see  Table  2) 
spinel  was  observed  to  crystallize  first  ,  with  the  appearance 
of  melilite ,  diopside  and  interstitial  anorthite  as  the  later 
phases.  If  inclusion  10/2  is  considered  to  be  a  solid  con¬ 
densate  originating  from  a  vapor,  then  the  crystallization 
of  spinel  should  have  followed  melilite  and  not  preceded  it. 

It  is  also  noted  that  under  the  gas  ->  solid  condensate  model, 
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Figure  4.  Spherulitic  growth  of  melilite  (M)  and 
anorthite  (A)  in  glass  (center  right) .  Chondrule- 
like  growths  of  diopside  (D)  with  spinel  (S)  are 
also  present.  (scale  =  100  pm) 


Figure  5.  Characteristic  Allende  Type  B  chondrule 
exhibiting  euhedral  grains  of  spinel  (S)  in  a  glassy 
matrix.  (scale  =  100  pm)  Courtesy  of  Louis  H.  Fuchs. 
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Figure  2.  Microphotograph  of  run  0009  showing  long 
blades  of  melilite  (M)  and  skeletal  diopside  (D) . 
(scale  =  70  pm) 


Figure  3.  Microphotograph  of  run  0026 
numerous  subhedral  spinel  (S)  crystals 
throughout  the  major  phases:  melilite 
diopside  (D) .  (scale  =  100  pm) 


exhibiting 
scattered 
(M)  and 
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melilite  and  anorthite  are  incompatable .  The  observations  on 
run  0026  combined  with  the  crystallization  data  found  in 
inclusion  10/2  disfavors  a  gas  -*•  solid  transition  as  proposed 
by  Grossman  (1972,  1973)  and  others. 

In  one  Allende  inclusion  (figure  4),  the  presence  of 
spinel  in  spherical  aggregates  is  evident.  This  type  of 
aggregate  closely  resembles  chondrules  in  their  basic  shape 
and  structure.  Similar  aggregates  have  been  synthesized  in 
many  of  the  devitrified  spherules  of  the  present  study.  This 
similarity  (of  figures  4  and  5)  combined  with  the  related 
mineralogy  between  the  experimental  spherules  and  the  bulk 
inclusions,  indicate  that  these  sphere-like  aggregates  are 
primary  crystallization  features  characteristic  of  liquid  -> 
solid  transition. 

The  presence  of  appreciable  amounts  of  glass  in  many 
of  the  experimental  runs  indicates  a  liquid  phase  at  tempera¬ 
tures  around  1100° C,  conforming  to  many  of  the  earlier  thermal 
calculations  (see  Blander  and  Fuchs,  1975)  from  which  the 
Ca-Al-rich  inclusions  may  have  crystallized.  Such  a  liquid 
may  be  generated  either  by  a  reheating  or  through  the  exis¬ 
tence  of  a  "metastable  subcooled  liquid"  ,  or  both. 

Evidence  presented  by  Fuchs  (1974)  offers  additional 
support  for  a  liquid  -*  solid  transition.  The  presence  of 
grossular  with  melilite  within  an  Allende  inclusion  indicates 
that  the  grossular  formed  from  a  pre-existing  liquid  phase. 
Melilite  cannot  co-exist  with  grossular  under  equilibrium 
conditions  because  the  upper  stability  limit  of  grossular 
is  way  below  that  of  melilite.  Considering  the  solid  conden¬ 
sate  model  of  Grossman  (1972),  melilite  would  condense  at 
temperatures  500° C  above  the  stability  of  grossular.  If 
grossular  did  originate  from  a  liquid  ,  it  occurred  as  a 
condensate  from  a  "metastable  liquid"  or  as  a  reheating 
product.  Fuchs  (1974)  suggests  on  this  basis  of  texture,  mode 
of  occurrence  and  equilibrium  considerations ,  grossular 
probably  formed  as  a  devitrification  product  from  glass  at 
temperatures  below  800° -850° C.  Taking  into  account  the  un¬ 
favorable  reaction  kinetics  of  grossular  (Yoder,  1950), 
condensation  from  a  "metastable  liquid"  would  require  a 
heating  period  up  to  a  maximum  of  20  days  at  temperatures 
lower  than  the  probable  800° -850° C.  Conditions  meeting  these 
requirements  can  be  found  if  the  inclusion  was  buried  in  a 
thermal  blanket  (Fuchs,  1974).  The  textural  features  in 
many  of  the  experimental  runs  support  "secondary"  solid  -* 
liquid  systems,  giving  rise  to  the  Ca-Al-rich  chondritic 
inclusions.  The  crystallization  sequences  (Table  2)  obtained 
in  the  present  study  further  suggest  that  the  chondritic 
materials  may  be  only  somewhat  chemically  differentiated  and 
not  fully  primitive  as  previously  believed. 

Considering  the  evidence,  the  possibility  that  crystal¬ 
lization  of  Ca-Al-rich  inclusions  took  place  from  the  residual 
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low  temperature  melting  fraction  of  the  primitive  chondritic 
material  is  suggested  here.  The  low  pressure  (10  3  -  10 -5 
atms . )  proposed  for  the  initial  condensation  conditions  of 
these  Ca-Al-rich  materials  may  have  resulted  in  the  loss  of 
Na  and  other  volatile  elements  which  might  have  been  respon¬ 
sible  for  the  low  temperature  nature  of  the  residual  liquids. 
Such  escape  or  loss  must  have  taken  place  rather  slowly, 
because  some  of  the  inclusions  do  show  the  presence  of 
nepheline  (Clarke  et  al . ,  1970;  Blander  and  Fuchs,  1975). 


CONCLUSION 


The  mineralogies  and  textures  of  chondrules  are  depen¬ 
dent  upon  their  bulk  compositions,  physical  conditions  of 
formation  (including  equilibrium  vs.  non-equilibrium  states), 
initial  state  of  the  parent  material  (solid,  glass  or  liquid) 
and  stability  relations  of  the  crystallizing  phases.  The 
mineral  assemblage  (melilite-spinel-diopside-anorthite)  and 
the  textural  relations  observed  in  the  devitrified  spherules 
in  the  compositions  of  the  present  study  are  suggestive  of 
a  liquid  rather  than  a  solid  origin  for  the  Ca-Al-rich 
Allende  chondrules. 

Assuming  that  liquids  were  present  in  the  meteoritic 
parent  body,  once  generated  they  could  be  isolated  and  then 
crystallize.  Considering  the  variety  of  igneous  textures 
found  in  chondrites:  the  reported  zoned  structure  in  the 
Bali  chondrite  (Kurat  et  al.,  1975);  the  general  shape  of 
chondrules  and  the  presence  of  glass;  and  the  presence  of 
low  temperature  phases  (i.e.  grossularite ) ,  origin  could 
then  be  attributed  to  non-equilibrium  crystallization  of 
the  liquids. 

Alternatively,  if  thermal  conditions  permitted,  such 
liquids  (or  "residual  liquid"  derivations  of  initial  liquid 
condensates)  could  subcool  to  metastable  glasses  which  then 
may  undergo  non-equilibrium  devitrification  through  secondary 
energy  impact  reheating  or  reheating  under  thermal  blanket 
conditions.  This  would  tend  to  explain  the  textures  and 
mineralogies  observed  by  Blander  and  Fuchs  (1975). 
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CHECKLIST  OF  THE  VASCULAR  PLANTS  OF  BURTON  CAVE 
ADAMS  COUNTY,  ILLINOIS 

R.  D.  Henry 

Western  Illinois  University,  Macomb  61455 

ABSTRACT  -  A  total  of  361  species  of  vascular  plants 
representing  81  families  have  been  collected  at  Burton 
Cave,  Adams  County,  Illinois. 

Burton  Cave,  located  about  one  mile  south  of  Burton  and  about  eight 
miles  east  of  Quincy,  Adams  County,  Illinois,  was  donated  in  1966  by  the 
Quincy  Foundation  to  The  Nature  Conservancy  which  now  owns  78  acres 
including  the  limestone  cave.  The  cave,  which  is  a  bat  hibernacula,  is 
located  in  the  bluff  about  50  feet  above  Burton  Creek,  and  averages  about 
620  feet  long,  25  feet  wide  and  8  feet  high.  The  area  is  located  in  the 
Glaciated  Section  of  the  Middle  Mississippi  Border  Division  of  Illinois 
(Schwegman,  1973).  Upon  acquiring  Burton  Cave,  The  Nature  Conservancy 
delegated  Western  Illinois  University  to  assume  custodial  responsibility. 
Several  studies  of  the  flora  and  fauna  of  the  area  were  subsequently 
undertaken,  this  report  representing  an  interim  account  of  one  of  them. 

There  are  three  basic  terrestrial  vegetation  types  present.  The 
lowland  (floodplain)  forest  extends  easterly  from  the  junction  of  Dry 
Branch  and  Burton  Creek  to  the  base  of  the  bluff.  The  dominant  trees 
i ncl ude  Acer  saccharinum  L . ,  Betula  nigra  L . ,  Platanus  occidental  is  L . , 
Populus  deltoides  Marsh.,  and  Celtis  occidental  is  L.  Understory  trees 
include  Sal ix  nigra  Marsh. ,  Ulmus  rubra  Muhl . ,  and  Aesculus  glabra  Willd. 
Characteristic  herbaceous  plants  include  species  of  Impatiens , 
Podophyllum,  Echinocystis,  Hydrophyllum,  Phlox,  Osmorhiza,  Laportea, 
Claytonia,  Ranuncul us  and  Polygonum. 

The  limestone  bluffs  bordering  Dry  Branch  and  Burton  Creek,  which 
are  frequently  dissected  by  various  sized  ravines,  are  forested  with 
a  mesic  to  dry  deciduous  forest  dominated  by  Acer  saccharum  Marsh., 
Fraxinus  americana  L. ,  Quercus  marilandica  Muenchh. ,  ().  muhlenbergii 
Engelm.  and  Tilia  americana  L.  Understory  trees  and  shrubs  include 
species  of  Cercis,  Carpi nus,  Ostrya,  Viburnum,  Lonicera,  Cornus , 
Amelanchier,  Staphylea  and  Ptelea.  Typical  herbaceous  species  include 
Polystichum,  Adiantum,  Cystopteris,  Asarum,  Mertensia,  Aquilegia, 
Hepatica,  Anemone! la,  Uvularia,  Sanguinaria  and  Aster.  Less  common, 
but  notable  herbaceous  plants  are  Cystopteris  bulbifera  (L.)  Bernh., 

Panax  quinquefol ius  L.  and  Veratrum  woodi i  Robbins. 

The  third  terrestrial  type,  the  flat  drier  uplands  above  the  bluffs, 
were  formerly  mostly  forested  but  until  relatively  recently  have  been 
largely  in  cultivation  and  now  mainly  exhibit  a  typical  disturbance 
community  of  plants  characteristic  of  secondary  old  field  successional 
stages.  The  major  trees  are  Quercus  al ba  L.,  Q..  imbricaria  Michx., 
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Q_.  rubra  L.,  (^.  velutina  Lam.,  Carya  cordiformis  (Wang.)  K.  Koch  and 
Juniperus  virginiana  L.  Understory  herbs  include  Viola  pedata  L.,  Hypoxis 
hirsuta  IL. )  Coville,  Gerardia  grandi flora  Benth.,  and  Seymeria 
macrophyl 1  a  Nutt.  Some  species  characteristic  of  the  old  field  are 
Solanum  carol inense  L. ,  Acalypha  virginica  L. ,  Ipomoea  hederacea  Jacq. , 
Sabatia  angularis  (L.)  Pursh,  Setaria  lutescens  (Wiegel.)  F.T.  Hubb, 
Aristida  ol igantha  Michx. ,  Sol idago  spp. ,  and  Erigeron  canadensis  L. 

This  upland  area  also  contains  some  remnants  of  prairie  vegetation  such 
as  Andropogon  gerardii  Vitman,  Schizachyrium  scoparium  (Michx.)  Nash, 
Koeleria  macrantha  (Ledeb.)  Spreng.,  Petal  os temum  purpureum  (Vent.) 

Rydb.,  Amorpha  canescens  Pursh,  Lithospermum  canescens  (Michx.)  Lehm., 
Pycnanthemum  tenuifolium  Schrad.  and  P.  virginianum  (L.)  Dur.  &  Jacks. 
Parts  of  the  upland  area  have  been  planted  in  the  past  with  groves  of 
Pinus  banksiana  Lamb.,  P_.  syl vestris  L.  and  P.  resinosa  Ait,  and,  in 
places,  Rosa  multi  flora  Thunb.  has  been  planted  at  the  periphery  and  has 
become  an  extended  brushy  thicket. 

At  the  edge  of  or  in  the  shallow  water  of  Burton  Creek  can  be  found 
several  wetland  plants  including  Justica  americana  (L.)  Vahl ,  Penthorum 
sedoides  L. ,  Sci rpus  americanus  Pers. ,  Eleocharis  spp. ,  and  Gratiola 
neglecta  Torr. 

A  total  of  361  species  of  vascular  plants  have  been  collected  with 
the  voucher  specimens  deposited  in  the  herbarium  of  the  A.  L.  Kibbe 
Life  Science  Station  (WARK)  of  Western  Illinois  University  at  Warsaw, 
Illinois.  These  collections  represent  81  families  of  which  9  species 
are  fern  and  fern-allies,  4  gymnosperm  species,  77  monocot  species  and 
271  dicot  species.  The  largest  family  represented  is  the  Compositae 
with  52  species  followed  by  the  Poaceae  with  40  species.  To  the  right 
of  the  binomial  are  numbers  which  indicate  the  general  habitat  where 
the  specimen  was  collected  (1=  floodplain,  2=bluff,  3=upland  (open) 
woods,  4=waste  ground-old  field,  5=wetland). 

An  asterisk  (*)  indicates  the  species  to  be  an  alien  according  to 
Myers  (1972).  Of  the  species  collected,  63  were  aliens  which  represent 
about  17%.  Since  man  and  his  activities  are  mainly  responsible  for  the 
intentional  or  inadvertent  introduction  of  aliens  into  a  flora,  it 
would  be  expected  that  this  would  be  reflected  by  the  distribution  of 
aliens.  This  is  confirmed  by  the  fact  that  the  bluffs  which  are  most 
inaccessible  have  only  2%  aliens  (the  disturbed  areas  being  the  cave 
entrance  and  the  path  to  it  as  well  as  natural  rock  slides)  whereas 
the  most  accessible  old  field-waste  ground  areas  primarily  found  in  the 
uplands  have  about  30%.  Four  of  the  361  species  have  been  planted  in 
the  uplands— the  three  pine  species  and  the  multiflora  rose  referred  to 
previously;  of  these  four  species,  three  are  aliens.  An  additional 
disturbance  in  the  upland  area  beside  the  old  field  and  plantings  just 
mentioned  are  recreational  activities  and  the  foundation  of  an  old 
building.  The  floodplain  species  were  about  24%  aliens  presumably  due 
to  the  fact  that  the  main  entry  path  traverses  the  area  and  that  there 
has  been  much  recreational  activity  such  as  picnicking,  hiking  and 
campfires.  The  naturally  disturbed  unstable  sandy  margins  of  the 
floodplain  by  the  creek  support  a  relatively  high  proportion  of  aliens 
(about  32%).  It  is  interesting  to  note  that  about  one-fifth  of  all 
plants  that  occur  at  this  margin  also  occur  on  the  upland  waste  ground 
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-—old  field  area.  Perhaps  the  similarity  could  be  somewhat  explained  by 
the  fact  that  the  Burton  Cave  area  is  essentially  surrounded  by  culti¬ 
vated  fields  which  serve  as  a  probable  source  of  alien  plant  propagules. 

Three  species,  Hypericum  sphaerocarpum  Michx.,  Teucrium  canadense 
L.  var.  occidental e  (Gray)  McClintock  &  Epling  and  Rosa  multi  flora  Thunb. 
have  not  been  previously  recorded  for  Adams  County  according  to 
Mohlenbrock  and  Ladd  (1978)  or  Henry,  et  al .  (1978). 


taxa  are  listed  alphabetically  within  the 
nomenclature  follow  Mohlenbrock  (1975). 


In  the  following  list  the 
divisions.  Species  and  family 


DIVISION  ARTHROPHYTA 
EQUISETACEAE 

Equisetum  arvense  L.  1,  5 
DIVISION  PTEROPHYTA 
OPHIOGLOSSACEAE 

Botrychium  virginianum  (L.)  Sw.  2 
POLYPODIACEAE 
Adiantum  pedatum  L.  2 
Asplenium  platyneuron  (L.)  Oakes  3 
A.  rhizophyllum  L.  2 
Cystopteris  bulbifera  (L.)  Bernh.  2 
C- .  fragi  1  is  ( L . )  Bernh . 
var.  protrusa  Weatherby  2 
Polystichum  acrostichoides  (Michx.) 
Schott  2 

Woodsia  obtusa  (Sprenq.)  Torr.  2 
DIVISION  CONIFEROPHYTA 
CUPRESSACEAE 

Juniperus  virginiana  L.  3 
PINACEAE 

Pinus  banksiana  Lamb.  3 
*P.  resinosa  Ait.  3 
*P.  sylvestris  L.  3 
DIVISION  MAGNOLIOPHYTA 
Class  Li  1 i opsi da 
ARACEAE 

Arisaema  dracontium  (L.)  Schott  1,3 
A.  triphyllum  (L.)  Schott  1 
COMMELINACEAE 
Commel i na  communi s  L.  1 
Tradescantia  ohiensis  Raf.  2,3 
CYPERACEAE 

Carex  arti tecta  Mack.  2 
C_.  blanda  Dewey  5 
C_.  bushi i  Mack.  3 
C_.  cephalophora  Muhl .  3,5 
£.  conjuncta  Boott  1 
C_.  da v i s i i  Schw.  &  Torr.  1 
C^.  emoryi  i  Dewey  5 
C.  festucacea  Schk.  3 


C.  gracilescens  Steud.  1 
£.  hi rsutella  Mack.  3 
C^.  normal  is  Mack.  3 
C_.  pensyl  vafrica  Lam.  2 
£.  rosea  Schk.  1 
C_.  vul  pi  no  idea  Michx.  5 
Eleocharis  ery thropoda  Steud.  5 
E.  obtusa  (Wi lid. )  Schul t.  5 
Scirpus  americanus  Pers.  5 
S^.  atrovirens  Willd.  1,  5 
DIOSCOREACEAE 
Dioscorea  villosa  L.  3 
IRIDACEAE 

Sisyrinchium  campestre  Bickn.  3 
JUNCACEAE 

Juncus  interior  Wieg.  1 
J.  tenuis  Willd.  4 
LILIACEAE 

Allium  canadense  L.  1 
*A.  vineale  L.  1 
Erythronium  albidum  Nutt.  1 
Hypoxis  hirsuta  (L.)  Coville  3 
Polygonatum  commutatum 
(Schultes)  Dietr.  1 
Smilacina  racemosa  (L.) 

Desf.  1,  2 

Trillium  recurvatum  Beck.  1 
Uvularia  grandi flora  Sm.  2 
Veratrum  woodii  Robbins  2 
POACEAE 

*Agrostis  alba  L .  1 
Alopecurus  carolinianus  Walt.  1 
Andropogon  gerardi i  Vitman  3 
A.  vi rginicus  L.  4 
Aristida  oligantha  Michx.  4 
*Bromus  commutatus  Schrad.  1 
*B.  inermis  Leyss.  1 
*IB.  japonicus  Thunb.  1 
*B.  tectorum  L.  1 
*Dactyl is  glome rata  L .  1 
*Digitaria  ischaemum  (Schreb.)  4 
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*D_.  sanguinal is  (L.)  Scop.  4 
*Echinoch1oa  pungens  (Poir.)  Rydb.  1 
*E1eusine  indica“(L.)  Gaertn.  4 
Elymus  canadensis  L.  1 
£.  hystrix  L.  2 

E.  villosus  Muhl .  1 
£.  virginicus  L.  1 

*Eragrostis  cil ianensis  (All.) 

Lut.  4 

£.  pectinacea  (Michx.)  Nees  5 
Festuca  obtusa  Bieler  1 
Glyceria  striata  (Lam.)  Hitchc.  1 
Hordeum  pus ilium  Nutt.  1 
Koeleria  macrantha  (Ledeb.) 

Spreng.  3 

Leers i a  oryzoides  (L.)  Sw.  1 
Muhlenbergia  frondosa  (Poir.) 

Fern.  1 

M.  sobol ifera  (Muhl.)  Trin.  2 
Panicum  capi Hare  L.  4 
JP.  clandestinum  L.  4 
P.  dichotomiflorum  Michx.  1,  4 
Phalaris  arundinacea  L.  1 
*Phleum  pratense  L.  1 
*Poa  compressa  L. 

*P .  pratensis  L .  1,2 
JP .  syl  vestris  Gray  1 ,  2 
Schizachyrium  scoparium  (Michx.) 
Nash  3 

*Setaria  faberi i  Herm.  1 
*S.  lutescens  (Wiegel.) 

F.  T.  Hubb  1,  4,  5 
Sphenopholis  obtusata  (Michx.) 
Scribn.  var.  major  (Torr.) 

Erdman  3 

Tridens  flavus  (L.)  Hitchc.  4 
SMILACACEAE 

Smilax  ecirrhata  (Engelm.)  Wats.  2 
_S.  hispida  Muhl  .1,2 
Class  Magnol iopsida 
ACANTHACEAE 

Justicia  americana  (L.)  Vahl  5 
Ruellia  humilis  Nutt.  3,  4 
ACERACEAE 

Acer  negundo  L.  1,  5 
A.  saccharinum  L.  1 ,  5 
A.  saccharum  Marsh.'  2 
AIZOACEAE 

Mollugo  verticillatus  L.  4 
AMARANTHACEAE 
*Amaranthus  hybridus  L .  4 
*A.  retroflexus  L.  4 
ANACARDIACEAE 
Rhus  aromatica  Ait.  2 


R.  glabra  L.  3 
Toxicodendron  radicans  (L. ) 
Kuntze  4 

APOCYNACEAE 

Apocynum  cannabinum  L.  4 
ARALIACEAE 

Panax  quinquefol ius  L.  2 
ARISTOLOCHIACEAE 
Asarum  canadense  L. 
var.  reflexum  (Bickn.)  Robins.  2 
ASCLEPIADACEAE 
Asclepias  incarnata  L.  5 
A.  quadrifol ia  Jacq.  2 
A.  syriaca  L.  1 
BALSAMINACEAE 
Impatiens  bi flora  Walt.  1 
pal  1  ida  Nutt.  1 
BERBERIDACEAE 
Podophyllum  pel tatum  L.  1 
BETULACEAE 

Betula  nigra  L.  1 ,  5 
Carpinus  carol iniana  Walt.  2 
Ostrya  virginiana  (Mi 11.) 

Koch  2 

BIGNONIACEAE 

Campsis  radicans  (L.)  Seem.  4 
BORAGINACEAE 

Hackelia  virginiana  (L.) 

I.M.  Johnst.  1 
Lithospermum  canescens 
(Michx.)  Lehm.  3 
Mertensia  virginica  (L.) 

Pers .  2 
CAMPANULACEAE 

Campanula  americana  L.  1,  2 
Lobel ia  si  phi  1 itica  L.  5 
L.  spicata  Lam.  var. 
leptostachys  (A. DC.)  Mack. 

&  Bush  2 
CAPRIFOLIACEAE 
Lonicera  prol ifera  (Kirchn.) 
Rehd.  2 

Sambucus  canadensis  L.  1 
Symphoricarpos  orbiculatus 
Moench  1 ,  4 

Triosteum  perfol iatum  L.  4 
Viburnum  pruni fol i urn  L. 2,3 
CARYOPHYLLACEAE 
Cerastium  nutans  Raf .  1 
*C_.  vulgatum  L.  4 
*Saponaria  off ici nal i s  L.  1 
Silene  nivea  (Nutt.) Otth.  1 

S.  stellata  (L. )  Ait.  f.  2 
CHENOPODIACEAE 
*Chenopodi urn  al bum  L .  1,4 


379 


*C.  ambrosioides  L.  1 
CISTACEAE 

Lechea  tenui folia  Michx.  4 
COMPOSITAE 

*Achi11ea  millefol ium  L .  4 
Ambrosia  artemisiifol ia  L.  4 
A.  trifida  L.  1 

Antennaria  plantaginifol ia  (L.) 
Richards  var.  arnoglossa 
(Greene)  Cronq.  3 
*Anthemis  cotula  L.  1 
*Arctium  minus  (Hill)  Bernh.  1 
Aster  anomalus  Engelm.  2,  3 
A.  cord if ol ins  L.  2 
A.  lateriflorus  (L.)  Britt.  2 
A.  pilosus  Willd.  4 
A.  sagittifol ius  Wedem.  2 
A.  sagittifol ius  Wedem.  var. 
drummondii  (Lindl.)  Shinners  2 
A.  simplex  Willd.  1 
A.  turbinellus  Lindl.  3 
Bidens  aristosa  L.  var.  retrorsa 
(Sherff.)  Wunderl in  1,5 
EL  comosa  (Gray)  Wieg.  5 
EL  frondosa  L.  1 
Cirsium  discolor  (Muhl.) 

Spreng.  4 

*CL  vulgare  (Savi)  Tenore  4 
Echinacea  purpurea  (L.)  Moench  2 
Erigeron  annuus  (L. )  Pers„  1,  2 
E.  canadensis  L .  1 ,  4 
E_.  philadelphicus  L .  1 ,  2 
E.  strigosus  Muhl.  2,  3,  4 
Eupatorium  al tissimum  L.  3 
E.  rugosum  Houtt.  1,  3 
EL  serotinum  Michx.  4 
Gnaphal ium  obtusi folium  L.  4 
Helenium  autumnal e  L.  5 
He! ianthus  grosseserratus 
Martens  1 

EL  hirsutus  Raf.  3,  4 
EL  strumosus  L .  1 ,  3 
Heliopsis  hel ianthoides  (L.) 

Sweet  2 

Iva  annua  L.  1 

Lactuca  canadensis  L.  4 

l.  floridana  (L.)  Gaertn.  1 

L^.  serriola  L.  1 

Pyropappus  carol inianus 

(Walt.)  DC.  4 

Rati bi da  pinnata  (Went.)  Barnh.  2 
Rudbeckia  hirta  L.  3 
R.  laciniata  L.  1 
Senecio  obovatus  Muhl.  2 


Si  1  phi  urn  perfol i a turn  L.  1 
Sol idago  canadensis  L.  3,  4 
S^.  flexicaul is  L.  2 
EL  gigantea  Ait.  1,  2 
EL  missouriensis  Nutt.  4 
S_.  nemoral  is  Ait.  2,  3 

S.  ulmifol ia  Nutt.  2,  3 
^Taraxacum  officinale  Wigger  1 

Vernonia  mi ssurica  Raf.  4 
Xanthium  strumarium  L. 
var.  canadensis  (Mill.) 

Torr.  &  Gray  1 
CONVOLVULACEAE 

Calystegia  sepium  (L.)  R.  Br. 
var.  americana  (Sims)  Mohlenbr.l 
Cuscuta  campestris  Yuncker  1 
£.  glomerata  Choisy  1 
*Ipomoea  hederacea  Jacq.  4 
*I_.  purpurea  (L.)  Roth.  4 
CORNACEAE 

Cornus  racemosa  Lam.  2 
CRUCIFERAE 

Arabis  laevigata  (Muhl.)  Poir.  2 
Barbarea  vulgaris  R.  Br.  var. 
arcuata  (Opiz)  Fries  1 
*Capse11a  bursa-pastoris  ( L . ) 
Medic.  1 

Cardamine  douglassi  (Torr.) 
Britt.  1,  2 

C.  parviflora  L.  var.  arenicola 
TBritt.)  0.  E.  Schulz  4 
CL  pensylvanica  Muhl.  1 
Dentaria  laciniata  Muhl.  2 
*Erysimum  repandum  L .  1 
Lepidium  virginicum  L.  1 
Rorippa  sessiliflora  (Nutt.) 
Hitchc.  1 

*Thlaspi  arvense  L. 

CUCURBITACEAE 

Echinocystis  lobata  (Michx.) 

T.  &  G.  1 
EUPHORBIACEAE 

Acal.ypha  virginica  L.  4 
Chamaesyce  supina  (Raf.) 

Moldenke  4 

Euphorbia  corollata  L.  4 
FAGACEAE 

Quercus  alba  L.  2,  3 
Q.  imbricaria  Michx.  3 
mari landica  Muenchh.  2 
Q_.  muhlenbergi i  Engelm.  2 
C£.  rubra  L.  1 ,  3 
Q.  velutina  Lam.  2,  3 
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GENTIANACEAE 

Sabatia  angularis  (L.)  Pursh  4 
GERANIACEAE 

Geranium  carol i nianum  L.  4 

G.  maculatum  L.  2 
HIPPOCASTANACEAE 

Aesculus  glabra  Willd.  1,  2 
HYDROPHYLLACEAE 
El  1 isia  nyctelea  L.  1 ,  4 
Hydro phyl 1 um  appendiculatum 
Michx.  1 

H.  virginianum  L.  1 
HYPERICACEAE 

Hypericum  spathulatum  (Spach) 

Steud.  3 

H^.  sphaerocarpum  Michx.  3 
JUGLANDACEAE 

Carya  cordiformis  (Wang.) 

K.  Koch  3 

C_.  laciniosa  (Michx.f.)  Loud.  4 
C_.  tomentosa  (Poir.)  Nutt.  2 
Juglans  cinerea  L.  2 
J.  nigra  L.  4 
LABIATAE 

Agastache  nepetoides  (L).  Ktze.  1 
Blephilia  hirsuta  (Pursh)  Benth.2 
*Glechoma  hederacea  L.  var. 
micrantha  Moricand  1 
Lycopus  vi rginicus  L.  5 
Monarda  fistulosa  L.  1 
*Nepeta  cataria  L .  1 
*Prunella  vulgaris  L.  var. 
lanceolata  (Bart.)  Fern.  4 
Pycnanthemum  tenui folium  Schrad.3,4 
P_.  virginianum  (L.) 

Dur.  &  Jacks.  3 
Scutellaria  ovata  Hill  2 
Teucrium  canadense  L.  var. 
occidental e  (Gray)  McClintock 
&  Epl ing  1 ,  4 
LAURACEAE 

Sassafras  albidum  (Nutt.)  Nees  3,4 
LEGUMINOSAE 

Amorpha  canescens  Pursh  3 
A.  fruticosa  L.  1 
Amphicarpa  bracteata  (L.)  Fern, 
var.  comosa  (L.)  Fern.  1 
Apios  americana  Medic.  1 
Cercis  canadensis  L.  2 
Desmodium  glut! nosum  (Muhl . ) 

Wood  2,3 

D_.  ill inoense  Gray  4 
D.  nudiflorum  (L.)  DC.  2 


J).  paniculatum  (L.)  DC.  3 
Gleditsia  triacanthos  L.  1 
Lespedeza  capitata  Michx.  4 
IL.  violacea  (L.)  Pers.  3 
IL.  virgi nica  (L.)  Britt.  3 
*Me1 i lotus  alba  Desr.  1 
*M.  officinalis  (L.)  Lam.  1 
Petal  os temum  purpureum 
(Vent. )  Rydb.  3 
Strophostyles  helvola  (L.) 
Britt.  4 

*Trifol ium  pratense  L .  2 
*T.  repens  L.  4 
MALVACEAE 

*Abutilon  theophrasti  Medic.  4 
MENISPERMACEAE 
Menispermum  canadense  L.2 
MORACEAE 

Humulus  lupulus  L.  1 
*H.  japonicus  Sieb.  &  Zucc.  1 
*Maclura  pomifera  (Raf.) 

Schneider  1 
*Morus  alba  L .  1 
M.  rubra  L.  1 
OLEACEAE 

Fraxinus  americana  L.  2,3,4 
ONAGRACEAE 

Oenothera  biennis  L.  1,  3 
OXALIDACEAE 

Oxalis  dillenii  Jacg.  4 

O.  violacea  L.  2 
PAPAVERACEAE 

Pi  centra  cucullaria  (L.) 
Bernh.  2 

Sanguinaria  canadensis  L.  2 
PHRYMACEAE 

Phryma  leptostachya  L.  1 
PHYTOLACCACEAE 
Phytolacca  americana  L  1,  2 
PLANTAGINACEAE 
Plantago  aristata  Michx.  1 
*P .  lanceolata  L .  1 ,  4 

P.  rugelii  Dene.  4 
PLATANACEAE 

Platanus  occidental  is  L.  1 
POLEMONIACEAE 
Phlox  divaricata  L.  ssp. 
laphamii  (Wood)  Wherry  1 
POLYGONACEAE 

*Pol.ygonum  aviculare  L .  1 ,  4 
*£.  lapathifol ium  L.  1 
_P.  pensyl vanicum  L.  var. 
laevigatum  Fern.  1,  4 
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*P.  persicaria  L.  1 
P_.  punctatum  Ell.  1 ,  4 
P_.  scandens  L .  1 ,  4 
JP.  virginianum  L.  1 
*Rumex  acetosel la  L .  4 
*R.  crispus  L.  4,  5 
PORTULACACEAE 

Claytonia  virginica  L.  1,  2 
RANUNCULACEAE 

Anemone  virginiana  L.  2,  3 
Anemone! la  thal ictroides  (L. ) 
Spach  2 

Aquilegia  canadensis  L.  2 
Delphinium  tricorne  Michx.  2 
Hepatica  nobilis  Schreb. 
var.  acuta  (Pursh)  Steyerm.2 
Isopyrum  biternatum  (Raf.) 

Torr.  2 

*M.yosurus  minimus  L .  4 
Ranunculus  abortivus  L.  1 
R_.  septentrional  is  Poir.  1,  5 
RHAMNACEAE 

Ceanothus  americanus  L.  3 
Rhamnus  lanceolata  Pursh  2 
ROSACEAE 

Agrimonia  pubescens  Wallr.  2 
Amelanchier  arborea 
(Michx. f. )  Fern.  2 
Aruncus  dioicus  (Walt.)  Fern.  2 
Crataegus  margaretta  Ashe  2 
Fragaria  americana  (Porter) 
Britt.  2 

Geum  canadense  Jacq.  1 
Potentilla  simplex  Michx.  3 
Prunus  serotina  Ehrh.  2 
_P.  virgi  niana  L.  2 
Rosa  carol ina  L.  3 
*R_.  multi  flora  Thunb.  1 ,4 
R.  setigera  Michx.  4 
Rubus  allegheniensis  Porter  4 
R.  occidental  is  L.  1,  2 
RUBIACEAE 

Galium  aparine  L.  1,  3 
G_.  circaezans  Michx.  2 
G.  concinnum  T.  &  G.  2 
RUTACEAE 

Ptelea  trifoliata  L.  2 
SALICACEAE 

Populus  deltoides  Marsh.  1 
Salix  nigra  Marsh.  1 
SANTALACEAE 

Comandra  richardsiana  Fern.  2 
SAXIFRAGACEAE 
Penthorum  sedoides  L.  5 


Ribes  cynosbati  L.  2 
SCROPHULARIACEAE 
Gerardia  grandi flora  Benth.  3 
G_.  tenuifol  ia  Vahl  2 
Gratiola  neglecta  Torr.  5 
Mimulus  alatus  Ait.  5 
Penstemon  digitalis  Nutt.  2,5 
P_.  pal  1  idus  Small  2 
Seymeria  macrophylla  Nutt.  2,3 
*Verbascum  blattaria  L.  4 
*_V.  thapsus  L.  4 
*Veronica  arvensis  L.  4 
V.  peregrina  L.  1,  4 
SOLANACEAE 

Physal is  heterophyl la  Nees  3 
_P.  subglabrata  Mack.  &  Bush  4 
Solanum  carol inense  L.  4 
STAPHYLEACEAE 

Staphylea  trifol ia  L.  1 ,  2 
TILIACEAE 

Tilia  americana  L.  2 
ULMACEAE 

Cel tis  occidental  is  L.  1 
Ulmus  americana  L.  1 ,  5 

U.  rubra  Muhl .  1 
UMBELLIFERAE 
*Conium  maculatum  L.  1 

Cryptotaenia  canadensis  (L.) 
DC.  1 

*Daucus  carota  L .  4 
Osmorhiza  cl  ay to ni i 
(Michx.)  Clarke  1 
0.  longistyl is  (Torr.)  DC.  1 
*Pastinaca  sati va  L .  1 ,  4 
Sanicula  canadensis  L.  1 
_S.  gregaria  Bickn.  1 
Taenida  integerrima  (L.) 

Drude  2 

Thaspium  barbinode  (Michx.) 
Nutt.  1 

Zizia  aurea  (L.)  Koch  2 
URTICACEAE 

Laportea  canadensis  (L.)Gaud.  1 
Parietaria  pensyl vanica  Muhl.  4 
Pi  lea  pumila  (L. )  Gray  2 
VERBENACEAE 

Lippia  lanceolata  Michx.  5 
Verbena  stricta  Vent.  4 

V.  urtici folia  L.  1,  4 
VIOLACEAE 

Viola  pedata  L.  3 
V.  pratincola  Greene  1 
VITACEAE 

Parthenocissus  quinquefol ia 
(L.)  Planch.  1 
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ABSTRACT 

Cells  observed  in  air-dried  oral  smears  from  three 
cats  were  primarily  of  the  intermediate  type  with  round 
or  oval  nuclei  (intermediate,  70%;  anucleate,  20%). 

Means  for  cell  area  (CA)  and  nuclear  area  (NA)  of  oral 
cells  of  three  cats  were:  CA,  3117  x  10"8cm2  (3117  ym2) 
and  NA,  59.2  ym2.  In  a  separate  study,  the  following 
means  were  obtained  for  cells  from  one  cat:  CA,  3036  ym2; 
NA,  59.5  ym2;  cell  dry  mass  (CDM),  2022  x  1 0”3 2g  (2022  pg); 
and  nuclear  dry  mass  (NDM),  29.2  pg.  Means  for  human 
buccal  cells  from  the  senior  author  were:  CA,  4572  ym2; 

NA,  84.9  ym2;  and  NDM,  51.5  pg.  Cat  cells  and  their 
nuclei  are  smaller  and  have  less  dry  mass  but  are 
morphologically  similar  to  human  oral  cells.  Cell  and 
nuclear  morphology  of  cat  cells  were  used  to  compute 
the  Cell  Development  Index  (CDI),  the  Maturation 
Index  (MI),  and  the  Karyopycnotic  Index  (KI)  for  300 
cells  of  one  of  the  cats.  The  CDI's  were  well  cor¬ 
related  with  Mi's  and  KI's  (r  =  0.92  and  0.97, 
respectively).  We  propose  that  oral  cells  from  cats 
are  well  suited  for  studies  of  cell  development  and 
aging. 


INTRODUCTION 


Averages  for  cell  area  (CA),  cell  dry  mass  (CDM),  nuclear  area  (NA), 
and  nuclear  dry  mass  (NDM)  of  human  buccal  cells  were  first  reported  by 
Sandritter  et  al .  (1958).  Using  38  cells,  they  reported  these  to  be: 

CA,  4105  x  10-Hcm2  (4105  ym2);  CDM,  1941  x  10“ '2g  (1941  pg);  NA,  87  ym2; 
and  NDM,  55.5  pg.  More  recently,  Pappelis  et_  al_.  (1973)  reported  NDM 
and  NA  means  of  330  cells  to  be  almost  identical  to  those  reported  by 
Sandritter  et  al_.  (1958)  and  cited  two  other  studies  in  which  the  NDM 
for  about  6000  cells  ranged  from  about  40  to  53  pg.  Lee  et  al_.  (1973) 
reported  that  NA,  NDM,  CA,  and  CDM  of  buccal  and  lip  cells  were  similar 
and  expanded  the  data  to  include  cells  of  different  stages  of  maturation. 
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When  the  nuclei  of  the  330  intermediate-type  cells  (I)  studied  by 
Pappelis  et  aK  (1973)  were  classified  by  shape,  about  70%  were  found 
to  be  oval  (1-0),  20%  round  (I-R),  and  10%  rod-pycnotic  (I-RP).  The  NA 
means  for  these  were:  I-R,  92.3  ym^;  1-0,  86.2  ym?;  and  I-RP,  57.9  ym^. 
The  NDM  means  for  these  were:  I-R,  60.8  pg;  1-0,  53.8  pg;  and  I-RP, 

49.1  pg. 

The  purpose  of  the  present  study  was  to  examine  the  oral  cells  of 
the  cat  to  determine  whether  another  mammal  might  be  suitable  for  use 
in  studies  of  oral  cell  development  and  aging  using  exfoliative  cyto- 
logical  methods.  The  data  were  compared  to  human  buccal  intermediate 
cell s. 


MATERIALS  AND  METHODS 


Oral  cells  were  obtained  from  the  cheek  tissue  of  three  cats: 

Zorba,  male,  six  months;  Morgan,  female,  six  years,  spay;  and  Carbon, 
male  (from  Morgan),  five  years,  castrate.  The  cells  were  air  dried 
after  application  to  slides  and  desiccated  (Pappelis  and  Pappelis,  1972). 
Upon  rehydration,  cells  were  viewed  with  either  a  Leitz  transmitted 
light  interference  microscope  or  a  Zeiss  Universal  microscope  with  an 
epi fluorescence  attachment  (cells  mounted  in  acridine  orange).  Photo¬ 
graphs  for  CA  and  NA  measurements  were  taken  with  the  Leitz  interference 
microscope  and  an  Orthomat  automatic  camera.  Films  (Tri-X)  were  de¬ 
veloped  with  Diafine.  Images  of  selected  cells  were  projected  and 
traced;  areas  of  the  tracings  were  determined  by  planimetry.  Magnifi¬ 
cation  was  determined  from  a  projection  of  a  stage  micrometer  micrograph. 
CDM  and  NDM  were  determined  as  previously  described  (Pappelis  et  al . 
1973). 

Cell  Development  Index  (CDI)  was  computed  for  oral  cells  using  50 
randomly  selected  cells  from  smears  viewed  with  ultra-violet  radiation 
as  described  by  Pappelis  et  al_.  (1976).  The  percentage  of  cell  types 
in  the  smear  was  determined  and  multiplied  by  the  following  factors: 

Pb  =  1 ,  I-R  =  4;  1-0  =  5;  I-RP  =  6;  P  =  7;  ghost  cells  (G)  with  large 
nuclei  but  low  optical  path  difference  when  viewed  with  the  interference 
microscope,  or,  faint  or  no  fluorescence  when  viewed  in  the  acridine 
orange  with  the  epifl uorescence  microscope  -  8;  anucleate  cells  (A)  =  9; 
and,  binucleate  cells  (BN)  =  the  average  of  the  two  nuclei,  using  the 
factors  given  above.  The  products  were  summed  to  obtain  the  CDI.  MI 
and  KI  were  computed  as  described  by  Koss  (1968)  and  Meisels  (1967). 

RESULTS 


The  CA  and  NA  means  for  intermediate  type  cells  of  three  cats  are 
presented  in  Table  1.  The  CA  mean  was  3117  ym?  while  the  NA  mean  was 
59.2  ym^.  Correlation  coefficients  for  CA  and  NA  of  individual  cells 
for  each  cat  ranged  from  r  =  0.13  to  r  =  0.69. 


When  CDI  was  computed 
were  1-0  and  I-R  and  about 
six  replicates  ranged  from 
six  replicates  ranged  from 


(Zorba),  about  70%  of  all  cells  in  smears 
20%  were  A  (Table  2).  The  CDI  ratings  for 
474  to  680,  mean  =  532.  The  MI  ratings  for 
53  to  76,  mean  =  62.  The  KI  ratings  for  six 
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replicates  ranged  from  0.06  to  0.52,  mean  =  0.22.  Using  the  replicate 
means,  CDI  was  highly  correlated  with  MI  (r  =  0.92)  and  KI  (r  =  0.97). 
Replicate  means  for  MI  and  KI  also  were  highly  correlated  (r  =  0.98). 

The  means  for  CA,  CDM,  NDM,  and  NA  for  30  intermediate  cells  and 
their  nuclei  (15  cells  per  smear)  from  Zorba  were:  CA,  3036  ym2;  CDM, 
2022  pg;  NDM,  29.2  pg;  and  NA,  59.5  ym2.  Using  replicate  means,  the 
correlation  coefficients  for  these  cellular  and  nuclear  traits  were: 

CDM  and  CA,  r  =  0.76;  CDM  and  NDM,  r  =  0.52;  CDM  and  NA,  r  =  -0.08;  CA 
and  NA,  r  =  0.11;  CA  and  NDM,  r  =  0.49;  and  NDM  and  NA,  r  =  0.34. 

Human  buccal  cells  (from  H.  Detwiler,  male,  age  13)  were  included 
for  comparative  purposes.  The  means  for  CA,  NA,  and  NDM  based  on  40 
cells  and  their  nuclei  (10  cells  per  smear)  were:  CA,  4572  ym2;  NA, 

84.9  ym2;  and  NDM,  51.5  pg.  Correlation  coefficients  for  these  40  cells 
were:  CA  and  NA,  r  =  0.85;  CA  and  NDM,  r  =  0.56;  and  NA  and  NDM, 
r  =  -0.04. 


DISCUSSION 


Means  for  CA,  NA,  and  NDM  values  of  human  cells  as  found  here  are 
in  good  agreement  with  those  reported  previously  (Pappelis  et  al_. ,  1973; 
Lee  et  al_. ,  1973).  The  means  for  NA  and  NDM  plot  almost  on  the  regres¬ 
sion  line  established  for  these  traits  for  human  buccal  cells  (Pappelis 
et  al . ,  1 973) . 

About  90%  of  the  cells  in  a  buccal  smear  are  rated  intermediate 
(Brown  and  Young,  1970;  Pappelis  e^t  aj_. ,  1973;  Pappelis  et_  a_]_,  1976). 

Of  these,  about  70%  are  1-0,  20%  I-R,  and  10%  I-RP.  Nasal  smears  differ 
from  buccal  smears  in  that  75%  of  the  cells  in  these  are  A.  The  three 
maturation  indices  for  buccal  and  nasal  smears  summarize  these  differ¬ 
ences:  buccal  smears  CDI  486,  MI  50.6,  and  KI  0.028;  and,  nasal  smears 
CDI  816,  MI  91.2,  and  KI  0.790.  The  means  for  CA  and  CDM  for  buccal 
cells  were  four  times  greater  than  those  for  nasal  cells  (Pappelis  et 
al_.,  1976). 

The  cell  types  from  cat  oral  smears  were  very  diverse  with  about 
39%  being  1-0,  32%  I-R,  and  about  20%  A.  Cat  oral  smears  may  be  better 
for  studies  of  cellular  development  and  aging  than  human  oral  and  nasal 
smears  because  there  are  many  1-0,  I-R,  and  A  cells  present  in  the  smear 
and  transitional  stages  may  be  easier  to  find.  Cat  oral  cells  are 
smaller,  have  smaller  nuclei,  and  both  CDM  and  NDM  are  less  than  that  of 
human  oral  cells.  However,  cat  oral  cells  are  larger  and  weigh  more 
than  human  nasal  cells.  We  suggest  that  cat  cells  be  studied  in  the 
manner  of  Lee  et  aj_.  (1973)  to  obtain  CA,  CDM,  NA, and  NDM  data  on  all 
cell  types  in  the  smear. 

We  believe  that  CDI  is  better  than  MI  and  KI  because  that  system  is 
more  critical  in  classifying  cells  viewed  in  smears  and  ranks  them  in  a 
developmental  sequence  using  both  cellular  and  nuclear  traits.  By 
rating  cells  for  CDI,  the  MI  and  KI  can  also  be  computed.  Since  CDI  was 
highly  correlated  to  MI  and  KI  in  this  study  of  cat  cells  and  in  the 
study  of  human  buccal  and  nasal  cells  (Pappelis  et  al_. ,  1976),  we  recom¬ 
mend  its  use  in  research  using  exfoliated  cells.  We  also  recommend  corn- 
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puting  MI  and  KI  since  these  have  been  widely  accepted  for  both  clinical 
and  research  reports.  In  this  way,  the  best  system  will  evolve  from 
future  studies  and  be  adopted  as  the  index  system  of  preference  for  all 
studies  involving  exfoliative  cytological  analysis. 

We  conclude  that  cat  oral  cells  can  be  used  for  further  study  of 
cell  maturation,  senescence,  and  death  just  as  human  oral  cells  have 
been  used.  Further,  CDI  may  prove  to  be  a  good  tool  to  describe  smears 
obtained  from  cats  abnormal  for  an  age  class  (due  to  disease,  physio¬ 
logical  stress,  or  genetic  abnormalities).  The  use  of  quantitative 
interferometry  in  such  studies  would  permit  another  comparison  of  cell 
development  and  changes  due  to  various  stress  agents. 

TABLE  1.  Percentage  of  cell  types  used  to  determine 
cell  area  (CA)  and  nuclear  area  (NA)  of 


cells  of 

the  oral 

mucosa 

of 

three  cats. 

Donor 

Number 

Percent  Cell 

CA 

NA 

of  cells 

Type3 

I 

-0 

I-R  I 

-RP 

n/ 

ym 

2 

ym 

Carbon 

51 

59 

41 

0 

2983 

59.0 

Morgan 

55 

71 

29 

0 

3010 

63.3 

Zorba 

75 

73 

26 

1 

3359 

55.3 

Average 

68 

32 

0 

3117 

59.2 

aI-0 

=  intermediate 

cell 

with  oval 

nucleus 

;  I-R 

=  inte 

mediate 

cell  with 

round 

nucleus; 

and 

I-RP 

=  intermedi, 

cel  1 

with  rod-pycnotic 

nucleus. 

TABLE 

2. 

Replicate 

data 

for  cell 

types  (percentages) 

in  six  oral  smears  (50  cells 

per 

smear)  from 

a  six-month-old. 

male  cat  (Zorba)  and  the 

computed  CDI, 

MI,  and  KIa 

• 

Rep 

Per  Cent 

Cell 

Typeb 

CDI 

MI 

KI 

Pb 

I-R  1-0 

I-RP 

P 

G  A 

BN 

1 

0 

22  26 

0 

6 

0  46 

0 

680 

76 

0.52 

2 

0 

34  26 

6 

2 

8  24 

0 

526 

67 

0.26 

3 

0 

44  40 

0 

2 

0  14 

0 

518 

58 

0.16 

4 

0 

50  44 

0 

0 

0  6 

0 

474 

53 

0.06 

5 

0 

42  38 

0 

0 

6  14 

0 

526 

60 

0.14 

6 

0 

48  30 

0 

4 

2  14 

2 

516 

60 

0.20 

Ave. 

0 

39  34 

1 

2 

3  20 

0 

540 

62 

0.22 

aCDI  =  Cell  Development  Index;  MI  =  Maturation  Index; 
and  KI  =  Karyopycnotic  Index. 
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bPb  =  parabasal;  I-R  =  intermediate  with  round  nucleus; 

1-0  =  intermediate  with  oval  nucleus;  I-RP  =  interme¬ 
diate  with  rod-pycnotic  nucleus;  P  =  pycnotic;  G  = 
ghost;  A  =  anucleate;  and  BN  =  binucleate. 
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ABSTRACT:  --  A  comparison  of  the  present  extent  of 
Maclura  pomi fera  (Raf.)  Schneid.  hedgerows  with  the  amount 
found  in  1938  aerial  photographs  shows  a  decrease  of  about 
857o  in  total  hedgerow  length  in  the  northern  half  of  Coles 
County,  Illinois.  Natural  reproduction  of  osage  orange, 
however,  is  extensive  in  this  area.  On  three  lowland  pas¬ 
ture  sites  osage  orange  was  found  to  rank  second  in  density, 
being  one  of  the  commonest  thorny  species  present. 


INTRODUCTION 

Early  Illinois  settlers  had  many  problems  in  taming  the  tall  grass 
prairie.  One  of  the  most  perturbing  was  the  lack  of  fencing  material.  In 
Eastern  United  States  timber  could  be  split  or  stone  found  for  fence  con¬ 
struction.  On  the  prairie,  however,  wood  was  at  a  premium  and  the  con¬ 
struction  of  fences  was  a  major  problem.  Since  wood  was  scarce  and  wire 
fence  unrealistic,  numerous  types  of  hedges,  or  "living  fences"  were 
considered.  Most  of  the  native  thorns  were  used,  including  red  haw,  crab- 
apple,  and  honey  locust.  They  all  proved  to  be  unsatisfactory  as  did  many 
introduced  species  (Hunter,  1970).  In  1847,  Professor  Johnathan  Turner 
introduced  Maclura  pomifera  (osage  orange)  into  Illinois  (Carriel,  1961). 
This  species  fit  all  the  requirements  of  the  settlers.  It  grew  fast,  was 
easily  started,  could  survive  the  climate  of  the  prairie,  was  armed  with 
stout  thorns,  was  not  attacked  by  most  animals  and  insects,  and  produced 
a  tight  hedge  (Gates,  1960).  With  the  invention  of  the  wire  fence  during 
the  late  1800's,  and  the  continued  mechanization  on  the  farm,  the  longevity 
of  the  hedgerow  became  limited.  Once  the  trees  were  allowed  to  mature, 
the  shallow  root  systems  expanded  well  beyond  the  dripline  and  absorbed 
much  of  the  available  water  and  nutrients.  Very  few  crop  plants  could 
compete  with  it  (Baumgardt,  1972).  On  the  Illinois  prairie  the  coming  of 
barbed  wire  meant  the  gradual  grubbing  out  of  many  miles  of  osage  orange, 
a  process  that  is  still  continuing. 

The  present  study  was  undertaken  to  determine  the  amount  of  remaining 
osage  orange  hedgerows  and  the  extent  of  natural  reproduction  of  osage 
orange  in  the  northern  half  of  Coles  County,  Illinois.  The  area  studied 
included  all  county  land  north  of  Illinois  Route  16  and  totals  332  square 
miles.  This  part  of  the  county  is  largely  cultivated,  and  is  located  in 
the  extreme  southern  part  of  the  Grand  Prairie  Section  of  the  Grand  Prairie 
Division  (Schwegman,  1973). 


1.  Present  address:  Natural  Area  Biologist,  Illinois  Department  of  Conser¬ 
vation,  P.  0.  Box  708,  Rock  Falls,  Illinois  61071. 
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MATERIALS  AND  METHODS 


The  present  extent  of  osage  orange  hedgerows  in  the  northern  half  of 
Coles  County,  Illinois  was  determined  by  driving  the  roads  of  this  area 
during  the  winter  months  of  1975.  Each  hedgerow  was  marked  on  a  county 
highway  map  and  its  length  recorded  to  the  nearest  twentieth  of  a  mile. 

The  extent  of  hedgerows  in  the  same  area  about  40  years  ago  was  determined 
by  using  1938  aerial  photographs.  These  photographs  were  made  available 
by  the  Coles  County  ASCS-SCS  offices,  and  have  a  scale  of  1; 20000  or  four 
inches  equaling  one  mile. 

To  determine  the  amount  of  natural  reproduction  of  osage  orange,  the 
three  lowland  pastures  listed  below  were  surveyed.  In  each  area  two  to 
four  quadrats,  25  m  on  a  side,  were  randomly  located.  In  each  quadrat  the 
diameter  class,  and  species  of  each  individual  was  recorded.  From  these 
data  the  density  (Ind.  /  ha)  of  seedlings  (over  1  foot  in  height  but  less 
than  1  inch  dbh.),  saplings  (1  to  4  inches  dbh.),  and  trees  (greater  than 
4  inches  dbh.)  was  determined  for  each  species.  The  nomenclature  used 
follows  Jones  (1963). 

Area  A.  Lowland  area  dissected  by  a  small  unnamed  creek  that  flows  into 
the  Kaskaskia  River  about  1  mile  away.  This  area  is  pastured,  and  is 
located  about  2  miles  south  of  Cooks  Mills,  Illinois  (SW%  Sect.  21  Tl3N  R7E) , 

Area  B.  Lowland  area  at  the  edge  of  Greasy  Creek  about  1  mile  from  where 
it  flows  into  the  Embarras  River.  This  area  is  pastured,  and  is  located 
about  2%  miles  north  of  Rardin,  Illinois  (SW%  Sect.  21  T14N  RlOE) . 

Area  C.  Lowland  area  along  Greasy  Creek  that  is  no  longer  pastured.  It 
is  located  about  1%  miles  NW  of  Rardin,  Illinois  (SW%  Sect.  29  Tl4N  RlOE). 

RESULTS  AND  DISCUSSION 

The  results  of  the  present  study  show  that  there  has  been  a  signific¬ 
ant  decrease  in  the  number  and  extent  of  osage  orange  hedgerows  in  Coles 
County  during  the  past  37  yeras.  In  1975  a  total  of  95  hedgerows  remained 
in  the  survey  area  with  a  total  length  of  15.1  miles,  while  the  1938  aerial 
photographs  showed  that  there  were  329  hedgerows  totaling  104.9  miles. 

This  represents  a  decline  of  about  85%  in  total  hedgerow  length. 

At  the  present  rate  of  removal,  osage  orange  hedgerows  will  soon 
disappear.  This  species,  however,  has  become  established  in  many  lowland 
pastures.  These  areas  are  quite  similar  to  the  natural  habitat  of  osage 
orange  in  the  rich  river  bottoms  of  the  Red  and  Arkansas  Rivers.  Soil 
moisture  appears  to  be  a  key  factor  in  osage  orange  establishment  since 
nearly  all  of  the  trees  observed  are  on  lowland  or  terrace  sites. 

To  determine  the  extent  of  osage  orange  establishment  three  study 
areas,  located  in  lowland  pastures,  were  surveyed  (Table  1).  A  total  of 
13  woody  species  were  found  in  the  study  areas.  Four  thorny  species  dom¬ 
inated  the  pastures  along  with  three  non-thorny  species.  Crataegus  mollis 
Gleditsia  triacanthos ,  Madura  pomifera,  and  Malus  ioensis  are  the  dominant 
thorny  species  present  and  usually  rank  very  high  in  all  diameter  classes. 

On  all  three  areas  studied  osage  orange  ranked  second  in  total  number  of 
individuals  per  hectare.  This  is  a  good  indication  that  it  can  successfully 
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Table  1.  Tree  density  (Ind.  /  ha)  by  diameter  class  in  the  three  grazed 
areas  where  Maclura  pomifera  (Raf.)  Schneid.  is  common. 


SPECIES 

DENSITY  (IND.  /HA) 

BY  DIAMETER  CLASS 

AREA  A 

AREA 

B 

AREA 

C 

i" 

„n,n  ,u 
1-4  4  + 

i" 

1-4' 

,  ii 

4  + 

i" 

l-V 

4  + 

Crataegus  mollis  (T.&  G.)  Scheele 

304 

336 

32 

232 

344 

— 

16 

160 

320 

Gleditsia  triacanthos  L. 

96 

104 

8 

244 

488 

52 

— 

— 

16 

Maclura  pomifera  (Raf.)  Schneid. 

56 

80 

176 

84 

456 

40 

— 

104 

200 

Jug Ians  nigra  L. 

72 

112 

8 

48 

72 

4 

Ulmus  americana  L. 

24 

96 

— 

52 

228 

48 

8 

40 

56 

Malus  ioensis  (Wood)  Britt. 

16 

40 

— 

60 

36 

4 

Celtis  occidentalis  L. 

8 

24 

16 

56 

104 

16 

Prunus  serotina  Ehrh. 

40 

8 

— 

28 

16 

— 

Quercus  imbricaria  Michx. 

16 

— 

8 

4 

— 

— 

Carya  cordiformis  (Wang.)  K.  Koch 

8 

— 

— 

12 

4 

— 

— 

— 

Fraxinus  lanceolata  Borkh. 

16 

52 

8 

Morus  rubra  L. 

4 

— 

— 

— 

— 

8 

Acer  saccharinum  L. 

8 

— 

— 

Totals 

640 

800 

248 

784  1696 

156 

88 

408 

616 

compete  with  other  woody  species  in  grazed  areas.  One  reason  for  its  success 
is  that  osage  orange  is  a  thorny  species  and  therefore  relatively  unpalatable 
to  livestock.  In  the  pasture  habitats  studied  the  unpalatable  species  have 
been  released  from  competition  by  the  elimination  of  the  palatable  ones  by 
grazing.  Many  of  the  natural  occurring  woody  taxa  in  these  lowland  habitats 
are  thornless,  thus  being  desirable  forage  plants. 
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Abstract.  Preliminary  examination  of  the  lipid 
fractions  of  two  Adriatic  Sea  algae,  Cys toseira  barbata 
and  Fucus  virsoides,  indicated  that  pentadecane  and 
heptadecane  were  the  main  n-alkanes  for  the  former 
while  pentadecane  was  the  dominant  one  for  the  latter. 

Palmitic  acid  was  the  principal  fatty  acid,  comprising 
70%  in  both. 

In  the  initial  portion  of  a  joint  program  directed  toward  a  chem¬ 
ical  study  of  Adriatic  Sea  flora  and  fauna  we  examined  some  of  the 
more  common  organisms  found  in  the  Bay  of  Kotor,  Yugoslavia.  Part  of 
this  work  concerned  the  lipids  of  the  octocoral  Eunicella  str ic ta  and 
hexacoral  Cladocora  cespitosa  (§.  Djarmati  eh  ajL. ,  1978;  M.  Saban 
eh  al. ,  1978).  In  this  report  we  wish  to  describe  preliminary  results 
on  the  lipids  of  the  algae,  Cystoseira  barba ta  and  Fucus  virsoides. 

Investigations  with  Cystoseira  barbata  from  the  Mediterranean 
and  Black  Seas  have  been  limited.  Seasonal  variations  in  the  fat 
levels  of  Cl.  barbata  have  been  examined  by  Alimov  (1960,  1963) 
while  the  overall  amounts  of  some  inorganic  ions,  alginic  acid, 
mannitol,  protein  cellulose,  and  laminaran  have  been  studied  by  a 
number  of  workers  for  iC.  barbata  and  other  species  (Abdel-Fattah  and 
Hussein,  1970;  Pellegrini  and  Pellegrini,  1971,  1972;  Guven  et  al . , 
1976).  Reports  indicating  palmitic  acid  is  the  major  fatty  acid 
present  in  C.  barbata  (Stoianova-Ivanova,  1972)  and  fucosterol,  the 
major  sterol  (Guven  and  Bergisadi,  1973;  Francisco  et  al.,  1977) 
have  also  appeared. 

Similar  information  has  been  reported  for  the  Fucus,  primarily  _F. 
serratus  and  _F.  vesiculosus .  For  example,  Gulbrand  (1941)  determined 
the  amounts  of  alginic  acid,  sugars  and  proteins  present  in  these  two 
species,  while  Barashkov  et  al .  (1966)  considered  the  seasonal  varia¬ 
tion  in  fat  content,  sugars,  ash,  nitrogen,  and  iodine.  Clark  and 
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Blumer  (1967)  examined  the  paraffins  for  three  northeastern  U.S.  Fucus 
spp.  and  found  95-98%  pentadecane.  In  an  extensive  study  of  F.  vesicu- 
losus  Halsall  and  Hills  (1971)  noted  the  presence  of  fucosterol,  phytol, 
C^^-Ci6  alkanols,  C30-C35  paraffins,  and  various  other  hydrocarbons 
including  pentaene  and  hexaene  isomers  of  heneicosane.  In  the  case  of 
the  fatty  acids,  Klenk  j^t  a_l.  (1963)  found  the  principal  ones  in  three 
Fucus  spp.  to  be  palmitic  acid  (25-26%),  a  C^g  monounsaturated  acid 
(16-19%),  and  a  C20  polyunsaturated  acid  (10-11%).  For  _F .  serratus 
and  FL  vesiculosus  Chuecas  and  Riley  (1966)  noted  some  stearic  acid, 
traces  of  Cg  and  C^g  saturated  acids,  and  considerable  amounts  of  hexa- 
decenoic,  octadecenoic ,  and  oc tadecadienoic  acids.  Other  lipid  research 
with  these  algae  focused  upon  the  overall  lipid  content  and  proportion 
of  saponifiable  and  unsaponif iable  lipids  removed  by  nonpolar  and  polar 
solvents  (Paquot  ejt  a]^. ,  1970)  and  upon  the  amounts  of  galac tolipids 
(Radunz,  1968),  phospholipids  and  sulfated  alcohols  (Pham  Quang  Liem 
and  Laur,  1974,  1976a,  1976b). 

EXPERIMENTAL 


Preparation  of  Samples.  Air-dried  Cystoseira  barbata  (1.40  kg) 
collected  from  the  Bay  of  Kotor,  Yugoslavia,  was  extracted  with  hexane 
for  12  hr.  in  a  Soxhlet  apparatus.  The  hexane-soluble  material  (2.9  g) 
was  chromatographed  on  80  g  of  silica  gel  (Merck,  particle  size  0.063- 
0.20  mm)  by  eluting  with  hexane-benzene  (1:1),  benzene,  and  benzene- 
ethyl  acetate  (various  ratios) .  The  initial  fractions  yielded  a  semi¬ 
solid  waxy  material  (0.6  g)  which  had  vmax  728  and  717  cm-l  indicative  of 
- (CH2)x-vibrations .  Preliminary  GLC-MS  analyses  performed  with  an  LKB 
2091  system  indicated  the  major  components  were  n-alkanes,  C15H32  and 

c17h36- 

Elution  with  mixtures  of  benzene-ethyl  acetate  gave  a  solid  which 
was  recrystallized  from  acetone-hexane  to  mp  61-62°C;  Vmax  1700,  728,  and 
717  cm~l.  The  crystalline  material  and  resultant  mother  liquor  were 
methylated  with  ethereal  diazomethane. 

Dried  Fucus  virsoides  (210  g),  also  collected  from  the  Bay  of  Kotor, 
was  extracted  with  hexane  for  12  hr.  in  a  Soxhlet  apparatus.  The  hexane 
residue  (3.9  g)  was  chromatographed  on  110  g  of  silica  gel  as  above. 
Hydrocarbon  and  fatty  acid  fractions  were  obtained  as  the  column  was 
eluted.  The  latter  material  was  methylated  as  before  for  GLC  analysis. 

Gas  Liquid  Chromatography  Conditions.  GLC  analyses  were  performed 
on  a  Varian-Aerograph  Series  2700  instrument  with  a  flame  ionization 
detector.  It  was  coupled  to  an  Autolab  System  IV  computing  integrator. 
The  hydrocarbon  fractions  were  determined  on  a  1/8  inch  by  5  ft.  column 
of  OV-101  (1.5%)  on  100/120  HP  Chrom  G  with  a  temperature  program  of 
4°C/min.  from  95-240°C.  Compound  identifications  were  accomplished  by 
coinjection  of  and  correlation  with  hydrocarbon  standards  (Applied 
Science  Lab)  and  extrapolation  of  retention  times.  Some  signals  were 
verified  by  combined  GC-MS  analysis.  Alkenes  were  determined  by 
chromatography  of  brominated  samples. 
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The  methylated  fatty  acids  were  analyzed  on  a  1/8  inch  by  7  ft. 
column  of  15%  diethylene  glycol  succinate  (DEGS)  on  80/100  WAW  by 
programming  from  150-185  C  at  4  C/min.  The  components  were  differ¬ 
entiated  by  comparison  with  several  standards. 

DISCUSSION 


Several  observations  can  be  made  from  the  amounts  of  alkanes 
(Table  I)  and  fatty  acids  (Table  II)  found  in  the  two  Adriatic  Sea 
algae  Cystoseira  barbata  and  Fucus  virsoides .  In  the  case  of  the 
alkanes  there  seems  to  be  no  definite  alternating  pattern  of  odd  and 
even  alkanes  with  the  odd-numbered  alkanes  predominating  as  noted  in 
terrestrial  plants  (Douglas  and  Eglinton,  1966;  Sorensen  _et  a^l. ,  1978). 
Instead,  only  two  odd-numbered  alkanes  are  present  in  the  highest 
quantity  with  the  rest  within  a  1-6%  range.  For  C^.  barbata  these  two 

—  ■  * 

TABLE  I.  n-Alkane  Composition  (%)  of  Adriatic  Algae 


C.  barbata 


Carbon 

No. 

14  15 

16 

17 

18  19 

20 

21 

22 

23 

10.4 

3.2 

13.0 

1.1 

1.5 

1.3 

1.7 

2.4 

Carbon 

No . 

24  25 

26 

27 

28  29 

30 

31 

32 

** 

Alkenes 

3.2  6.2 

5.6 

5.7 

5.3  4.9 

4.2 

3.5 

2.4 

20.2 

F.  virsoides 


Carbon  No. 

14 

15 

16 

17  18 

19 

20 

21 

22  23 

2.2 

42.9 

5.9 

3.2 

1.1 

1.6 

1.8  2.0 

Carbon  No. 

24 

25 

26 

27  28 

29 

30 

31 

•kk 

32  Alkenes 

2.3 

16.4 

1.9 

1.4 

13.7 

tMaterials  present  in  less  than  1%  not  indicated. 
y<  'Alkenes  distributed  in  5-6  peaks  generally 


are  C^5  and  C17  and  amount  to  10.4  and  13.0%,  respectively,  values  not 
dramatically  different  than  the  others.  F_.  virsoides,  though,  does  have 
C15  in  42.9%  and  C25  in  16.4%  which  are  significantly  higher.  This 
latter  result  for  C25  is  consistent  with  data  reported  for  several 
brown  algae  from  the  Cape  Cod  area  (28-98%;  Clark  and  Blumer,  1967; 
Youngblood  and  Blumer,  1973)  and  for  the  giant  kelp  Macrocystis  pyrifera 
(68-92%;  Rossi  et  al.,  1978).  Interestingly,  pentadecane  seems  to  be 
the  major  alkane,  in  general,  for  brown  algae  while  other  algae,  such 
as  the  red,  green,  blue-green,  etc.,  have  heptadecane,  nonadecane, 
and  nonacosane  present  as  the  main  alkanes  with  some  consistency 
(Weete,  1976).  The  very  low  or  negligible  amounts  of  C]^g-C22  alkanes 
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of  C..  barbata  and  F.  virsoides  also  parallel  the  results  of  other 
brown  algae. 


TABLE  II.  Fatty  Acid  Composition  (%)  of  Certain  Adriatic  Algae 


Carbon  No.:  Double 

Bond  Amount 

Material 

14:0 

15:0  16:0 

16:1  17:0 

18:0 

18:1 

20:0 

C.  barbata 
(crystallized  acids) 

5.7 

1.5  68.8 

12.3 

11.7 

C.  barbata 
(mother  liquor) 

6.0 

1.4  66.2 

9.3 

3.2 

11.1 

F.  virsoides 

1.0 

67.0 

1.5 

9.4 

14.4 

2.4 

•k 

Materials  present  in 

less 

than  1%  not 

indicated . 

The  fatty  acid  results  between  the  two  algae  under  study  and 
data  from  other  studies  of  algae  are  quite  similar.  In  both  palmitic 
acid  comprises  nearly  70%  of  the  fractions  with  stearic,  octadecenoic, 
and/or  hexadecenoic  acids  as  the  second  highest  (9-14%).  Similar 
data  were  reported  by  Stoianova-Ivanova  (1972)  for  C.  barbata  although 
the  percentage  of  unsaturated  acids  was  higher.  On  the  other  hand 
several  major  differences  between  _F.  virsoides  and  other  Fucus  spp . 
(Klenk  et_  al. ,  1963;  Chuecas  and  Riley,  1966)  are  apparent.  For 
instance,  the  amount  of  palmitic  acid  (67%)  is  much  higher  than  in 
the  previous  reports  (25%).  Also,  the  C20  present  in  _F.  virsoides 
is  absent  in  the  others  while  the  C^g  and  C22  unsaturated  acids 
present  in  the  other  species  were  not  noted  in  F..  virsoides.  In  other 
brown  algae  palmitic  acid  is  the  main  fatty  acid  although  the  amounts 
are  again  quite  lower  and  variable  (13-28%),  and  the  unsaturated  acids 
are  present  in  more  variety  and  in  much  higher  amounts  (Weete,  1976). 
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ABSTRACT 

Recently  published  data  on  densities 
for  twelve  molten  salt  hydrates  have  been 
used  in  conjunction  with  estimated  radii 
of  metal  ions  and  ligands  to  calculate 
masses  of  the  coordination  units  in  these 
systems.  In  almost  all  cases,  the  results 
are  in  accord  with  the  experience  of  co¬ 
ordination  chemistry  and  with  expected 
coordination  numbers.  For  some  systems, 
the  possible  existence  of  certain  species 
is  postulated. 


INTRODUCTION 


Molten  salt  hydrates  of  the  type  M(N03)x*yH20  (M  =  Ca, 

Cr,  Zn,  Ni,  etc.;  x  =  2  or  3;  y  =  4,  6,  or  9)  provide  an  in¬ 
teresting  bridge  between  the  behavior  of  concentrated  salt 
solutions  and  molten  salts.  Theoretical  studies  have  provided 
a  transport  model  that  considers  properties  where  no  bulk 
solvent  is  present  (Angell  and  Bressel,  1972;  Sare ,  Moynihan, 
Smalley,  and  Angell,  1973)*  Recently,  physical  properties 
have  been  reported  for  a  number  of  molten  salt  hydrates  (Jain, 
1977,  1978).  The  data  reported  show  non-Arrhenian  behavior 
of  fluidities  and  linear  dependence  of  densities  on  the 
temperature . 

In  molten  salt  hydrates,  the  metal  ion  is  present  in  a 
weak  field  environment  as  a  large  spherical  cation  (Angell, 
1965;  Moynihan,  1966).  It  is  also  considered  that  there  is 
competition  between  water  and  anions  for  the  coordination 
sites  (Jain,  1978).  In  this  paper,  we  present  an  elementary 
analysis  of  the  nature  of  the  coordination  unit  present  in 
these  systems. 
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METHODS 


A  coordination  unit  is  assumed  to  exist  which  consists 
of  the  metal  ion  and  the  water  molecules  or  anions  of  the 
primary  coordination  sphere.  This  unit  may  be  a  complex  ion 
or  a  neutral  species  depending  on  the  charge  on  the  metal  ion 
and  the  number  of  anions  in  the  coordination  sphere.  For 
the  calculations  used  here,  it  is  assumed  that  the  density  of 
the  coordination  unit  is  the  same  as  that  of  the  bulk  melt. 

This  approximation,  while  seemingly  severe  is  reasonable  for 
some  of  the  molten  salt  hydrates  because  all  the  water  mole¬ 
cules  and  anions  are  coordinated  to  the  metal.  In  other  cases, 
it  is  likely  that  the  density  is  little  affected  by  free  space 
or  free  solvent.  This  will  be  shown  later  by  specific  cal¬ 
culated  results. 

The  volume  of  the  spherical  coordination  unit  is  given 
by  V  =  4'T7'r3/3,  and  the  mass  of  one  spherical  unit  is  m  =M/N0 
where  r  is  the  radius,  M  is  the  molecular  weight,  and  N0  is 
Avogadro's  number.  Thus,  the  density  of  the  coordination  unit 
is 

3M 

47T  r  3N0 

The  molecular  weight  of  the  unit  is  given  by 

4  TTr 3N0  P 

M  =  - 

3 

Knowing  the  density  of  the  sphere  and  its  radius  permits  the 
calculation  of  the  molecular  weight  of  the  coordination  unit. 
The  effective  radii  of  the  coordination  spheres  were  esti¬ 
mated  by  means  of  the  expression 

runit  ^  metal  ion  ^  rligand 

with  the  metal  ion  and  ligand  radii  taken  from  Huheey  (1972) 
and  Wells  (1975).  The  densities  at  60°  were  obtained  from 
the  density  and  temperature  dependent  parameters  published 
by  Jain  (1977,  1978). 


RESULTS  AND  DISCUSSION 


In  view  of  the  severity  of  the  assumptions  made,  it 
might  be  expected  that  the  calculated  mass  of  the  cation  unit 
present  in  a  molten  salt  hydrate  would  bear  little  resemblance 
to  that  predicted  on  the  basis  of  coordination  chemistry. 
Consider,  for  example,  the  salts  FeCl3*6H20  and  Fe (N03 ) 3 • 6H20 . 
On  the  basis  of  coordination  chemistry,  it  would  be  expected 
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that  even  in  the  solid  the  coordination  unit  would  be 
[Fe(H20)6] 3+.  Table  1  shows  the  experimental  density  data 
and  estimated  radii  for  these  compounds  as  molten  salt 
hydrates.  Using  those  data,  the  calculated  mass  of  the  co¬ 
ordination  unit  is  169  amu  while  the  actual  value  for 
[Fe(H20)6]3+  is  164  amu.  Clearly,  assuming  a  spherical  co¬ 
ordination  unit  having  the  density  of  the  melt  results  in  a 
calculated  unit  mass  approximating  closely  that  expected  on 
the  basis  of  coordination  chemistry. 

In  the  case  of  ZnCl2*4H20,  the  calculated  radius  of  the 
cation  is  3*54  &,  assuming  the  radius  to  be  made  up  of 
(rzn2+  +  2  rj}2o).  The  experimental  density  is  1.8090  g/cm3 
so  that  a  coordination  unit  mass  of  202  amu  is  calculated. 
This  calculated  mass  corresponds  to  that  for  the  four  mole¬ 
cules  of  water,  the  Zn2  +  ion,  and  1.8  chloride  ions  in  the 
coordination  sphere.  For  a  coordination  unit  consisting  of 
[Zn(H20) 4C12] ,  the  expected  mass  would  be  207.4  amu.  This 
discrepancy,  while  small,  could  be  due  to  an  equilibrium  be¬ 
tween  tetrahedrally  and  octahedrally  coordinated  Zn2  +  since 
the  mass  calculated  from  the  density  is  slightly  lower.  The 
calculated  mass  of  the  coordination  unit  present  in  molten 
Mn (N03 ) 2 • 6H20  is  210  amu.  This  corresponds  almost  exactly 
to  [Mn(N03) (H20)5]+. 

For  Cr (N03 ) 3 • 9H20 ,  A1 (N03 ) 3 • 9H20 ,  and  some  of  the  other 
compounds,  the  data  shown  in  Table  1  indicate  that  the  cal¬ 
culated  mass  of  the  coordination  unit  agrees  well  with  ex¬ 
pectations  based  on  coordination  chemistry.  In  general,  co¬ 
ordination  numbers  of  six  are  indicated  for  most  of  the 
compounds . 

For  Ni(N03 ) 2 *6H20,  the  density  and  radius  support  a 
value  of  192  amu  while  the  unit  [Ni(H20)6]^+  has  a  mass  of 
167  amu.  A  coordination  unit  of  [Ni (N03 ) (H20 ) 4 ] +  would  have 
a  mass  of  193  amu.  Whether  this  species  is  actually  present 
or  not  is  unknown.  It  is  possible  that  the  actual  species 
present  represent  an  equilibrium  mixture  of  species  including 
both  four  and  six  coordinated  complexes.  In  the  case  of 
Ca (N03 ) 2 • 4H20 ,  the  calculated  mass  of  the  coordination  unit 
is  235  amu  while  the  formula  weight  of  the  compound  is 
236  amu.  It  is  apparent  that  this  compound  gives  results 
that  indicate  that  the  melt  contains  [Ca(H20) 4 (N03 ) 2 ] .  A 
similar  result  is  obtained  for  Cd (N03 ) 2 • 4h20 . 

For  most  of  the  compounds  considered,  it  is  readily 
apparent  that  the  coordination  units  estimated  on  the  basis 
of  their  masses  calculated  using  densities  and  radii  are  in 
accord  with  experience  based  on  coordination  chemistry.  In 
the  few  cases  where  there  is  a  discrepancy,  other  simple 
structures  could  account  for  the  mass  of  the  coordination 
unit.  While  these  results  do  not  prove  the  presence  of  any 
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species,  it  is  unlikely  that  the  agreement  between  mass  cal¬ 
culated  and  the  mass  of  known  structures  is  entirely  fortui¬ 
tous.  Clearly,  a  great  deal  more  study  will  be  necessary  to 
confirm  the  structure  of  the  coordination  unit  present  and 
some  units  may  even  be  transitory  in  nature.  We  plan  to  ex¬ 
tend  our  study  to  other  interpretations  of  physical  data  for 
these  systems,  and  we  hope  that  this  and  other  simple  inter¬ 
pretations  provide  models  for  theoretical  studies. 
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ABSTRACT 


Character  variation  was  examined  in  two  mollusc  pop¬ 
ulations  of  Lampsilis  radiata  siliquoidea  collected 
from  different  habitats,  a  lake  and  a  small  stream. 
Sexual  dimorphism  occurred  in  both  populations.  The 
two  populations  were  also  found  to  have  significantly 
different  meristic  characteristics.  This  was  attrib¬ 
uted  to  effects  of  the  different  habitats  on  the  shell 
morphology.  A  sympatric  species,  L.  ovata  ventricosa , 
of  the  lake  population  had  shell  meristic  character¬ 
istics  which  were  more  similar  to  the  lake  population 
than  were  the  characteristics  between  the  two  L.  r. 
siliquoidea  populations. 


INTRODUCTION 


The  occurrence  of  variation  in  mussels,  primarily  over  relatively 
large  latitudinal  differences,  has  been  attributed  to  possible  clinal 
relationships  (Cvancara  1963,  Clench  1954,  Van  der  Schalei  1948).  The 
degree  of  this  variability  depends  on  the  latitudinal  distance  and  degree 
of  contact  between  species  populations.  Clinal  variability  may  be  impor¬ 
tant  when  mollusc  distribution  is  used  to  assess  past  and  present  stream 
confluence  and  lake  shore  lines  (Van  der  Schalei  1963,  1945,  Goodrich  et 
al.  1939,  Ortmann  1924),  and  four  systematic  considerations.  A  great 
deal  of  variability  in  mollusc  shell  meristic  and  morphometric  characters 
may  be  due  to  habitat  differences  such  as  substrate  type,  wave  action  or 
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current  speed  and  the  realtive  distance  from  a  rivers  head  waters 
(Ball  1922,  Huxley  1938).  Thus,  when  investigating  populations  of 
freshwater  mussels,  particularly  when  specific  or  subspecific  identi¬ 
fication  is  necessary,  it  is  important  to  consider  habitat  types  as  well 
as  clinal  variation. 

To  investigate  the  effects  of  habitat  on  morphological  variation 
two  populations  of  Lampsilis  vadiata  siliquoidea  from  widely  differing 
habitat  types  with  little  latitudinal  displacement  were  studied.  One 
population  was  then  compared  to  a  sympatric  species  from  the  same  habi¬ 
tat  to  assess  similarity  of  morphological  characteristics  in  coinhabiting 
species . 


STUDY  SITES  AND  METHODS 


Two  species  of  Lampsilis  (Unionidae,  Lampsilinae)  were  collected 
from  Silver  Lake,  Wisconsin.  Silver  Lake,  located  just  across  the 
Illinois-Wisconsin  border,  is  a  spring-fed  lake  with  an  artificial 
outlet  to  the  Fox  River,  Illinois.  Ninety-four  specimens  of  L.  radiata 
siliquoidea  (Barnes)  and  21  specimens  of  L.  ovata  ventrieosa  were 
obtained  from  this  site.  Live  specimens  were  collected  from  a  sand- 
gravel  substrate  near  the  shore  in  1  to  3  m  of  water.  These  mussels 
were  usually  found  with  the  anterior  half  of  the  shell  imbedded  in  the 
substrate  and  the  exposed,  posterior  half  covered  with  a  heavy  green 
algal  growth. 

nittle  Indian  Creek,  located  in  northeastern  Illinois,  is  part  of 
the  Fox  River  drainage  basin  and  was  the  second  sampling  site.  Only 
L.  v .  siliquoidea  was  present  here,  where  27  specimens  were  collected. 

The  clear  water  creek  is  small  with  an  average  depth  at  the  collection 
site  of  90  cm  and  a  current  velocity  of  approximately  0.7  m/sec. 

Specimens  were  collected  from  a  sand-gravel  substrate.  Trails  were  often 
visible  in  the  substrate  due  to  movement  of  individuals  which  were 
generally  found  lying  on  the  substrate  with  their  foot  extended.  How¬ 
ever,  the  posterior  portion  of  these  clams  was  also  covered  by  an  algal 
growth  indicating  that  they  often  remained  partially  buried,  possibly 
during  adverse  environmental  conditions. 

In  all  cases,  specimens  were  keyed  to  genus  using  soft  body  char¬ 
acters  (Burch  1973)  and  further  keyed  to  species  and  subspecies  using 
shell  characters.  Specimens  were  separated  into  male  and  female  on 
the  basis  of  brood  pouch  gill  modif cations  in  the  latter. 

Thirteen  measurements  were  taken  on  each  specimen  using  vernier 
calibers.  These  measurements  included  total  length,  posterior  length, 
shell  height,  total  width,  shell  thickness,  lateral  tooth  height,  lateral 
tooth  length,  anterior  pseudocardinal  tooth  height,  pseudocardinal 
tooth  length,  posterior  adductor  scar  height,  anterior  adductor  scar 
length,  and  anterior  adductor  scar  height.  Because  the  meristic 
characters  considered  varied  depending  on  the  relative  age  and  health 
of  an  individual,  it  was  necessary  to  use  character  relationships  for 
comparisons.  Only  those  characters  which  demonstrated  a  significant 
linear  correlation  (Fig.  1),  were  used.  The  ratio  of  these  characteristics 
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Figure  1.  Simple  linear  correlation  of  height 
versus  length,  r  =  0.96.  Example  of 
the  type  of  correlation  computed  for 
the  determination  of  independent 
characters . 

would  be  independent  of  the  relative  age  and  health  of  individuals  and 
thus  could  be  used  for  comparisons.  Consequently  the  following  measure¬ 
ments  and  resulting  character  ratios  were  used:  total  length,  greatest 
length  measured  parallel  to  the  hinge  line;  height,  measured  at  the  highest 
part  of  the  umbone  at  a  right  angle  to  the  hinge  line;  width,  distance 
across  both  valves  taken  at  the  same  position  on  the  umbone  as  the  height 
measurement;  posterior  length,  distance  from  the  point  of  the  height 
measurement  on  the  umbone  to  the  posterior  end  of  the  shell;  shell 
thickness,  measured  at  the  midpoint  of  the  height  determination  line. 

All  measurements  which  did  not  require  both  valves  were  made  on  the  left 
valve.  Ratios  used  included  height  versus  total  length,  width  versus 
height,  width  versus  total  length,  posterior  length  versus  total  length, 
and  shell  thickness  versus  total  length. 

Data  were  submitted  to  a  2X3  factorial  analysis  of  variance  to 
determine  relationships  between  sexes  in  each  population  and  the 
relationship  between  populations  for  each  of  the  ratios  used.  Because 
factorial  analysis  indicated  statistically  significant  differences 
between  factors.  Hubb's  diagrams  (Hubbs  and  Perlmutter  1942)  were 
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drawn  to  observe  possible  species  or  subspecies  distinctions  between 
each  population.  In  Figures  2  and  3  the  horizontal  line  is  the  mean, 
the  vertical  line  the  range,  the  open  bar  1^  standard  deviations,  and 
the  shaded  portion  of  the  bar  1  standard  error.  Variation  in  characters 
between  sexes  in  each  population  was  also  examined  using  these  figures. 
For  further  comparisons  the  coefficient  of  difference  (CD)  (Mayr  1971), 
was  calculated  for  the  various  populations  and  sex  relationships  over 
each  character  ratio. 


RESULTS 


Although  significant  differences  occurred  between  populations  for 
all  character  ratios  investigated  (Fig.  2) ,  they  are  not  generally  suf¬ 
ficient  for  subspecific  separation  in  L.  r.  siliquoidea.  An  exception 
was  the  shell  thickness/total  length  ratio  where  standard  deviations  did 
not  overlap  (Fig.  2).  Only  one  character  ratio,  height/total  length, 
was  significantly  different  for  the  sympatric  species  from  Silver  Lake. 
Three  of  the  ratios,  width/height,  posterior  length/total  length,  and 
shell  thickness /total  length  showed  similar  trends  (Fig.  2).  For  all  of 
these  characters,  the  sympatric  species,  L.  r.  siliquoidea  and  L.  o. 
ventricosa,  were  more  similar  than  the  two  populations  of  L.  r.  siliquoidea 
from  different  habitats.  This  trend  was  apparent  when  comparing  total 
populations  (Fig.  2)  or  the  sexes  between  populations  (Fig.  3).  The 
only  character  ratio  which  showed  similarity  between  the  two  populations 
of  L.  r.  siliquoidea  was  width/ total  length.  For  this  characteristic 
both  of  the  populations  were  narrower  than  L.  o.  ventricosa . 
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Figure  2.  Hubbs  diagrams  (Hubbs  and  Perlmutter  1942)  of  each  population 

for  each  examined  character  relationship,  A  =  L.  r.  siliquoidea 
(Silver  Lake) ,  B  =  L.  r.  siliquoidea  (Little  Indian  Creek) , 

C  =  L.  o.  ventricosa  (Silver  Lake) . 
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Figure  3.  Hubbs  diagrams  (Hubbs  and  Perlmutter  1942) 
population  for  each  character,  A  -  L.  r. 
siliquoidea  (Silver  Lake) ,  B  =  L.  r. 
siliquoidea  (Little  Indian  Creek) ,  C  = 

L.  o.  ventricosa  (Silver  Lake) . 


Factorial  AOV  showed  a  statistically  significant  difference  at  the 
0.03  level  between  the  sexes  in  each  population  for  all  of  the  studied 
character  ratios  except  the  posterior  length  versus  total  length.  These 
differences  were  clearly  shown  by  the  Hubb's  diagrams  (Fig.  3).  In 
those  ratios  that  were  significantly  different,  the  females  had  the 
larger  values:  thus,  females  were  generally  shorter,  wider,  higher,  and 
had  thicker  shells  than  males  (Fig.  3) . 

Interpretation  of  the  hubb's  diagrams  both  between  populations  and 
sexes  was  supported  by  the  coefficient  of  differences  (CD,  difference 
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between  means  divided  by  the  sum  of  their  standard  deviations)  (Table 
1).  Comparing  the  CD's  for  L.  v.  sitiquoidea  and  L.  o.  ventrioosa 
from  Silver  Lake  to  those  of  L.  r.  sitiquoidea  from  Little  Indian 
Creek,  the  comparative  similarities  of  the  sympatric  species  were 
much  greater  as  they  had  lower  CD's  for  the  three  ratios,  width/height, 
shell  thickness/total  length,  and  posterior  length/ total  length.  The 
greatest  similarity  between  sexes  was  found  in  the  L.  r.  sitiquoidea , 
Silver  Lake,  population  while  the  greatest  differences  between  sexes 
were  found  in  the  Little  Indian  Creek  population.  The  CD  values 
between  the  same  sexes  of  the  three  populations  accentuated  the  trends 
observed  for  comparisons  between  the  total  populations. 

Table  1.  Values  of  the  coefficient  of  differences  (CD)  between 

sample  groups  were  A  =  L.  r.  sitiquoidea  (Silver  Lake) , 

B  =  L.  v.  sitiquoidea  (Little  Indian  Creek) ,  C  =  L.  o. 
ventrioosa  (Silver  Lake)  for  the  characters  H/L 
(height/total  length),  W/H  (width/height),  W/L 
(width/total  length),  P/L  (posterior  length/total 
length),  and  T/L  (shell  thickness/ total  length). 


Comparisons 

H/L 

W/H 

W/L 

P/L 

T/L 

A  to  C 

1.388 

0.036 

0.733 

0.312 

0.222 

A  to  B 

0.982 

0.495 

0.117 

0.596 

0.786 

B  to  C 

0.222 

0.453 

0.486 

0.381 

1.083 

Female  to  Male 

-  A 

0.180 

0. 156 

0.224 

0.002 

0.500 

Female  to  Male 

-  B 

0.483 

0.417 

0.629 

0.089 

0.526 

Female  to  Male 

-  C 

0.853 

0.394 

0.651 

0.000 

0.333 

Females  A  to  C 

2.024 

0. 123 

1.155 

0.  298 

0.143 

Females  A  to  B 

1.000 

0.040 

0.362 

0.587 

1.286 

Females  B  to  C 

0.308 

0.  605 

0.591 

0.317 

2.714 

Males  A  to  C 

1.465 

0.  127 

0.685 

0.341 

0.750 

Males  A  to  B 

1.171 

0.829 

0.071 

0.480 

0.823 

Males  B  to  C 

0.375 

0.  529 

0.741 

0.204 

0.533 

DISCUSSION 

This  study  indicated  sexual  dimorphism  in  both  species  at  both 
sampling  sites.  Females  showed  a  wider,  higher  and  thicker  shell  and 
were  generally  distinguishable  from  males  both  visually  and  statis¬ 
tically.  As  indicated  by  Grier  (1920b),  Parmalee  (1967),  Baker  (1928), 
and  Starrett  (1971)  and  as  found  in  this  study,  males  had  a  bluntly 
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pointed  posterior  margin  while  the  females  wer  bluntly  truncated  with 
postero-ventral  inflation.  The  postero-ventral  inflation  and  blunting 
of  the  shell  resulted  in  higher  width/height  and  height/total  length 
ratios  in  the  females.  The  more  globose  condition  of  the  female  shell 
provided  a  larger  cavity  for  the  body  and  was  particularly  inflated  in 
the  gill  area.  This  adaptation  allows  for  the  large  number  of  eggs 
held  in  the  first  gill  marsupium.  The  thicker  shell  found  in  females 
provided  protection  for  the  female.  Increased  abuse,  as  a  result  of  the 
inflated  shell,  may  occur  through  wave  action  or  stream  currents  since 
the  inflated  conditions  results  in  more  resistance  to  these  forces. 

Differences  between  the  populations  of  L.  r.  sdlrquoidea  were 
attributed  to  the  variation  in  the  two  types  of  habitats.  It  was  found 
by  Wilson  and  Clark  (1914)  that  shell  inflation  and  many  other  char¬ 
acters,  were  dependent  on  the  rate  of  stream  flow,  size  of  the  stream  and 
kind  of  bottom.  Meristic  characteristics  used  for  specific  identifica¬ 
tion  in  one  locality  or  habitat  type  might  become  valueless  elsewhere. 
Grier  (1920a)  found  that  shells  he  collected  from  Lake  Erie  were  more 
inflated,  had  a  greater  posterior  development  and  were  thinner  than 
similar  species  collected  from  the  Ohio  River.  In  this  investigation 
the  Silver  Lake  population  was  more  inflated,  shorter,  and  had  thinner 
shells  than  L.  r.  siliquoidea  collected  in  Little  Indian  Creek. 

Habitat  parameters  were  similar  at  the  two  sites  with  the  exception 
of  the  current  in  Little  Indian  Creek  and  the  probable  increased  supply 
of  plankton  in  the  lake.  The  presence  of  a  constant  current  may  account 
for  the  variation  in  characteristics  between  habitats.  The  less  inflated 
shells  common  in  the  creek,  even  in  females,  would  present  less  resistence 
to  the  current  whether  the  mussel  was  moving  along  the  bottom  or  buried 
with  its  posterior  extending  above  the  substrate.  Also  the  thicker 
shells  in  the  creek  populations  may  be  a  protective  adaptation  to  current 
induced  substrate  shifting  and  dislodgement  of  individuals  from  the 
substrate  with  associated  rolling  of  individuals  across  the  stream 
bottom.  The  lake  population  was  not  subjected  to  this  type  of  substrate 
shifting  thus  the  shells  were  thinner  and  more  inflated. 

The  syrapatric  species,  L.  v.  sdl'iquo'idea  and  L.  o.  ventvicosa ,  showed 
little  character  divergence.  In  fact  the  sympatric  species  showed 
greater  similarities  for  at  least  three  of  the  ratios  examined  than  the 
two  populations  of  the  same  species.  This  is  contrary  to  the  view  of 
increased  character  divergence  in  areas  of  geographic  overlap  of  similar 
species  (Mayr  1971).  However,  this  generality  may  not  apply  to  molluscs 
when  meristic  characters  are  used  to  compare  divergence  between  species 
due  to  the  effects  of  habitat  on  these  characteristics.  In  general  an 
increase  in  the  degree  of  inflation  in  most  species  of  mussels  collected 
in  lakes  or  river  pools  compared  to  the  less  inflated  shells  taken  in 
the  swifter  headwaters  has  been  reported  (Grier  1920a,  Ortman  1920, 
Danglade  1914) .  Thus  the  factors  that  were  the  possible  causes  of 
character  divergence  in  the  two  populations  of  L.  r.  sdUquoi-dea  were 
likely  to  be  the  causes  of  similarities  in  the  sympatric  species. 
Morphological  adaptation  to  the  habitat  in  the  case  of  these  sympatric 
species  exerts  a  stronger  influence  on  the  studied  characteristics 
than  character  divergence  in  coexisting  species.  However  these  two 
species  do  have  life  history  characteristics  which  maintain  the  species 
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distinction.  L.  o.  ventvicosa  is  reproductively  active  from  late  June 
to  early  August  while  L.  r.  siliquoidea  breeds  from  mid-April  to  early 
July.  Also  glochidia  are  reported  to  be  host  specific;  bluegill, 
yellow  perch,  and  walleye  are  the  known  host  for  L.  v.  siliquoidea 
while  white  crappie  and  saugar  are  the  host  for  L.  o.  ventriaosa 
(Starrett  1971) . 


CONCLUSIONS 


1.  The  two  populations  of  L.  r.  siliquoidea  had  significant 
variation  in  meristic  characteristics  due  to  the  presence 
of  a  current  in  one  habitat. 

2.  Adaptations  of  L.  r.  siliquoidea  and  L.  o.  ventrieosa  to 
their  environment  result  in  similarity  of  the  investigated 
characteristics  in  these  sympatric  species. 

3.  Sexual  dimorphism  occurs  in  both  species  and  at  both  sampling 
sites  and  the  comparative  difference  between  sexes  is  inde¬ 
pendent  of  the  habitat  variables. 

4.  The  use  of  meristic  characteristics  to  compare  mollusc  pop¬ 
ulations  or  species  must  take  into  account  the  effects  of 
habitat  on  these  characteristics. 
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Hart  Memorial  Woods,  an  upland  streamside  forest 
of  13  hectares  was  inventoried  during  1977.  The  stand 
has  415  trees/ha  and  27.4  square  meters  basal  area/ha; 
a  sizable  increase  since  the  last  inventory  conducted 
in  1965.  The  leading  dominants  are  white  oak  and  black 
oak.  The  oaks  can  be  expected  to  maintain  their  domi¬ 
nance,  but  slippery  elm,  silver  maple,  and  shagbark  and 
mockernut  hickory  will  likely  increase  their  relative 
importance . 


Hart  Memorial  Woods  is  located  on  the  east  bank  of  the  Sangamon 
River  near  Mahomet,  Champaign  County,  Illinois.  It  is  one  of  the  more 
xerophytic  examples  of  an  upland  streamside  forest  in  the  Prairie  Penin¬ 
sula  of  east-central  Illinois.  The  University  of  Illinois  acquired  it 
as  a  natural  area  in  1965  to  complete  a  wet-to-dry  moisture  sequence  of 
upland  forest  sites  (Root,  et  al,  1971).  This  is  a  remnant  of  a  larger 
forest  that  once  extended  six  miles  north  along  the  Sangamon  and  was 
about  three  miles  wide.  Hart  Woods  itself  is  unique  in  that  it  includes 
both  moist  bottomlands  and  drier  upland  areas. 

Hart  Memorial  Woods  is  located  on  the  N^  and  E  16  acres  of  the 
S^,  NEJ4,  SW^,  S  36 ,  T  21  N,  R  7  E,  3rd  PM,  Champaign  County,  Illinois. 
Elevations  vary  by  as  much  as  30  feet  and  some  slopes  approach  30  percent. 
Two  streams  pass  through  the  area;  one  is  intermittent  while  the  other 
has  continuous  flow. 
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The  soils  are  Hapludalfs,  the  Birkbeck  and  Camden  series.  Both 
were  developed  in  loess  under  the  influence  of  a  forest  vegetation. 

Better  upland  sites  are  associated  with  the  Birkbeck  soils  which  have 
higher  cation  exchange  capacities,  higher  base  saturations,  and  better 
moisture  conditions  due  to  the  more  f ine-textured  materials  at  all  depths. 
Camden  soils  are  associated  with  stands  dominated  by  black  oak  (Root, 
et  al,  1971). 


PAST  WORK 


The  first  inventory  on  file  for  Hart  Woods  was  a  100%  inventory 
completed  in  March  of  1965  (Root,  et  al,  1971).  Field  procedures  estab¬ 
lished  for  the  1965  inventory  were  followed  in  the  reinventory  conducted 
during  1977,  but  all  measurements  were  taken  in  metric.  For  comparison, 
the  results  reported  by  Root,  et  al,  1971,  are  converted  to  metric.  This 
paper  is  the  third  in  a  series  reporting  results  of  the  reinventory  of 
University  of  Illinois  Natural  Areas,  results  of  the  inventory  of  Brown¬ 
field  Woods  were  reported  by  Miceli  et  al,  1977,  and  of  Trelease  Woods 
by  Pelz  and  Rolfe,  1977. 


METHODS 


Before  the  1966  inventory  the  woodland  was  subdivided  into  52 
permanent  blocks  of  50  by  50  meters.  The  blocks  were  then  divided  into 
4  quadrants  for  measurement  purposes  by  running  diagonals  from  the  4 
corners  of  each  block.  All  the  woody  vegetation  was  measured  in  one 
centimeter  diameter  classes  with  a  minimum  diameter  of  6.5  cm.  Only 
living  trees  were  included  in  the  inventory. 


In  each  block,  two  5x5  meter  sample  plots  were  used  to  inven¬ 
tory  saplings,  which  were  defined  as  trees  between  1  and  7  cm  dbh.  These 
sample  plots  were  located  systematically.  One  2x2  meter  sample  plot 
per  block  was  used  to  inventory  seedlings.  These  were  defined  as  woody 
plants  with  a  dbh  of  less  than  1  cm.  A  total  of  104  plots  of  25  m^  each 
were  used  for  the  saplings  and  104  plots  of  4  m^  each  were  used  for  the 
seedlings.  This  represents  2%  and  0.32%  of  the  area,  respectively. 


RESULTS  AND  DISCUSSION 


A  total  of  5394  trees  or  415.10  trees  per  hectare  were  measured 
in  diameter  classes  of  7  cm  or  greater  (Table  1).  This  compares  to  303.8 
trees  per  hectare  (122.95  T/Acre)  in  1965,  with  the  majority  of  the  addi¬ 
tional  trees  coming  from  the  7-15  cm  diameter  classes.  The  average  basal 
area  in  the  1977  inventory  was  27.42  square  meters  per  hectare  as  compared 
with  23.46  square  meters  per  hectare  (102.17  ft^/A)  in  1965  (Table  2). 

The  majority  of  this  increase  came  in  the  61-90  cm  diameter  classes.  Fig¬ 
ure  1  shows  a  cover  map  with  major  species  and  basal  area  densities  for 
the  woodland. 

The  reason  for  the  increase  in  number  of  trees  per  hectare  is 
likely  due  to  dutch  elm  disease  which  killed  a  large  number  of  trees 
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Table  1  Number  of  Trees,  Basal  Area  per  ha.  Importance  Value,  Average  Diameter,  and  Frequency 
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Importance  Value  calculated  as  sum  of  frequency  and  basal  area  percent 


Table  2  Number  of  Trees  and  Basal  Area  in  1966  and  1977 
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CHAMPAIGN  COUNTY  ILLINOIS 


SPECIES  DISTRIBUTION  AND  BASAL  AREA  DENSITIES 


15  SQUARE  METERS  PER  HECTARE 

-  25  SQUARE  METERS  PER  HECTARE 
30  SQUARE  METERS  PER  HECTARE 

-  35  SQUARE  METERS  PER  HECTARE 
35  -  45  SQUARE  METERS  PER  HECTARE 
45  -  60  SQUARE  METERS  PER  HECTARE 


STUDY  DONE  BY 
UNIVERSITY  OF  ILLINOIS 
FORESTRY  DEPARTMENT 

CONTOUR  LEVELS 
IN  METERS 
ABOVE  SEA  LEVEL 


SPECIES  CODE 

W  0 

WHITE  OAK 

B  0 

BLACK  OAK 

R  0 

RED  OAK 

SAS 

SASSAFRAS 

S  M 

SILVER  MAPLE 

BAS 

BASSWOOD 

S  E 

SLIPPERY  ELM 

HAC 

HACKBERRY 

A  E 

AMERICAN  ELM 

S  H 

SHAGBARK  HICKORY 

G  A 

GREEN  ASH 

B  C 

BLACK  CHERRY 

H  L 

HONEYLOCUST 

Figure  1. 


Species 

species 


distribution  and  basal 
in  Hart  Memorial  Woods 


area  densities 


for  dominant 
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several  years  ago.  These  open  areas  were  filled  by  saplings  and  a  large 
number  of  seedlings  which  were  recorded  in  the  1965  inventory.  By  1977 
many  of  these  seedlings  and  saplings  had  grown  into  the  smaller  diameter 
classes  (i.e.  7-15  cm).  There  are  several  species  which  seem  to  have 
taken  advantage  of  these  openings;  including  slippery  elm,  American  elm, 
silver  maple,  black  cherry,  mockernut  hickory,  and  shagbark  hickory 
(Table  3). 

The  increase  in  basal  area  is  concentrated  in  the  larger  diam¬ 
eter  classes  from  61-90  cm.  This  indicates  that  from  1965  to  1977  there 
was  little  mortality  in  the  larger  diameter  classes  and/or  the  medium 
sized  trees  had  extremely  good  growth  over  that  time  span  which  could 
be  a  result  of  a  decrease  in  competition  because  of  elm  mortality. 

The  largest  changes  in  basal  area  came  from  the  oaks  (white, 
red,  and  black),  since  they  have  the  largest  percentage  of  basal  area; 

76%  in  1977  and  81%  in  1965.  White  oak  (Quercus  alba  L.)  was  the  most 
abundant  species  in  1977,  having  103.8  trees/ha  and  10.92  m^/ha.  This 
is  an  increase  in  basal  area  (from  9.22  m^/ha)  but  was  a  decrease  in 
number  of  trees  per  hectare.  The  increase  in  basal  area  came  from  an 
increase  in  average  diameter  of  31.8  to  33.7  cm. 

Black  oak  (Quercus  velut ina  Lamack)  has  the  second  largest  basal 
area  and  is  the  only  species  which  decreased  in  basal  area,  from  7.30  m^/ 
ha  to  5.27  m^/ha.  The  number  of  trees  per  hectare  decreased  for  this 
species  for  diameter  classes  of  60  cm  and  below.  This  could  be  due  to 
the  fact  that  black  oak  tends  to  be  a  shorter  lived  species  than  red  or 
white  oak  and  does  not  compete  as  well  (Harlow  and  Harrar ,  1969). 

Red  oak  (Quercus  rubra  Du  Roi)  had  the  third  largest  basal  area 
in  1977  with  4.64  m^/ha  and  increased  greatly  in  basal  area  since  1966 
(from  .43  m^/ha) .  This  increase  reflects  an  increase  in  both  number  of 
trees  per  hectare  and  average  diameter. 

American  elm  (Ulmus  americana  L.),  slippery  elm  (Ulmus  rubra 
Muhl.),  silver  maple  (Acer  saccharinum  L.)  and  black  cherry  (Prunus 
serotina  Ehrh.)  all  increased  substantially  in  number  of  trees  per  hec¬ 
tare  and  basal  area  because  of  an  increase  in  percentage  of  smaller 
stems.  All  four  of  these  species  showed  a  large  gain  in  number  of  trees 
per  hectare  in  the  7-15  cm  diameter  classes.  These  are  individuals  that 
occupy  the  open  spots  left  by  the  dead  elms.  Slippery  elm  also  increased 
in  average  diameter. 

Slippery  elm  is  gaining  in  percent  of  basal  area  and  number  of 
trees;  so  is  American  elm  to  a  smaller  extent.  It  will  be  interesting 
to  see  how  long  it  will  take  dutch  elm  disease  to  begin  affecting  these 
younger  stems  and  what  the  ultimate  effect  will  be  on  the  stand. 

Five  species,  black  cherry,  red  osier  dogwood,  American  elm, 
slippery  elm,  and  sassafras,  dominate  the  seedling  class.  All  but  red 
osier  dogwood  dominate  the  sapling  class.  Black  cherry  is  intolerant 
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TABLE  3  Density/ha  and  Frequency  of  Seedlings  and  Saplings  of  Woody 
Species  by  Height  or  Diameter  Class  in  order  of  importance. 


Species 

Height  Class 

<30cm  >30cm 

(<lcm  dbh) 

Total 

% 

Freq. 

Diameter 

1cm- 6cm 

Class 

% 

Freq. 

Elm  Slippery 

2524.0 

3221.2 

5745.2 

36.5 

742.3 

37.5 

Elm  American 

480.8 

2115.4 

2596.2 

25.0 

746.1 

33.6 

Black  Cherry 

769.2 

2764.4 

3533.6 

32.7 

553.8 

27.9 

Mockernut  Hickory 

96.2 

625.0 

721.2 

15.4 

219.2 

25.0 

Sassafras 

1009.6 

889.4 

1899.0 

19.2 

434.6 

20.2 

Shagbark  Hickory 

216.35 

552.9 

769.2 

18.3 

223.1 

19.2 

Green  Ash 

264.4 

576.9 

841.4 

16.4 

130.8 

10.6 

Silver  Maple 

24.0 

312.5 

336.5 

8.6 

176.9 

8.6 

Crataegus  Sp. 

216.4 

432.7 

649.0 

5.8 

80.8 

5.8 

Red  Osier  Dogwood 

1634.6 

576.9 

2211.5 

17.3 

69.2 

5.8 

Hackberry 

— 

24.0 

24.0 

1.0 

30.8 

5.8 

Prickly  Ash 

120.2 

793.3 

913.5 

6.7 

42.3 

4.8 

Pignut  Hickory 

24.0 

48.1 

72.1 

2.9 

23.1 

4.8 

Black  Oak 

673.1 

168.3 

841.4 

10.6 

53.8 

4.8 

Redbud 

— 

144.2 

144.2 

4.8 

23.1 

4.8 

Boxelder 

240.4 

24.0 

264.4 

5.8 

26.9 

3.8 

Dogwood 

336.5 

504.8 

341.4 

9.6 

15.4 

2.9 

Basswood 

— 

48.1 

48.1 

1.0 

11.5 

1.9 

Butternut 

— 

— 

— 

— 

11.5 

1.9 

Hazel 

24.0 

192.3 

216.4 

3.8 

7.7 

1.9 

Blue  Ash 

— 

3.8 

1.0 

Black  Walnut 

— 

— 

— 

— 

3.8 

1.0 

Hawthorn 

— 

48.1 

48.1 

1.0 

7.7 

1.0 

Elderberry 

— 

24.0 

24.0 

1.0 

3.8 

1.0 

Shellbark  Hickory 

— 

— 

— 

— 

3.8 

1.0 

Mulberry 

— 

24.0 

24.0 

1.0 

3.8 

1.0 

Bur  Oak 

— 

— 

— 

— 

3.8 

1.0 

Blackjack  Oak 

— 

— 

— 

— 

3.8 

1.0 

White  Oak 

336.5 

48.1 

384.6 

7.7 

7.7 

1.0 

Ohio  Buckeye 

— 

— 

— 

— 

3.8 

1.0 

Wahoo 

24.0 

144.2 

168.3 

1.9 

11.5 

1.0 

Choke  Cherry 

— 

24.0 

24.0 

1.0 

— 

— 

Red  Oak 

168.3 

24.0 

192.3 

2.9 

— 

— 

Total 

9182.7 

14350.9 

23533.6 

3680.6 
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and  probably  will  be  reduced  as  the  canopy  closes.  The  elms  made  a 
large  gain  in  basal  area  and  number  of  trees,  but  whether  they  will  be¬ 
come  dominant  species  again  remains  to  be  seen.  Sassafras,  dogwood, 
and  red  osier  dogwood  all  have  a  large  number  of  stems  and  can  be  ex¬ 
pected  to  maintain  their  importance  in  the  understory. 

In  the  overstory,  the  oaks,  white  oak  in  particular,  can  be 
expected  to  continue  to  dominate  in  this  stand.  Silver  maple  and  moclcer- 
nut  and  shagbark  hickory  may  gain  in  importance  in  future  years  because 
of  their  large  number  of  seedlings  and  saplings.  The  silver  maple  pre¬ 
dominates  in  the  wet  bottomland  area  with  the  hickories  becoming  more 
important  in  the  upland  area. 

LITERATURE  CITED 


Harlow,  William  M. ,  and  Ellwood  S.  Harrar.  1969.  Textbook  of  Dendrology. 
McGraw-Hill  Book  Company. 

Miceli,  J.  C.,  G.  L.  Rolfe,  D.  R.  Pelz,  and  J.  M.  Edgington.  1977. 

Brownfield  Woods,  Illinois:  Woody  Vegetation  and  Changes  Since  1960. 
The  American  Midland  Naturalist,  Vol.  98 (2) : 467-469 . 

Pelz,  Dieter  R.  and  Gary  L.  Rolfe.  1977.  Stand  Structure  and  Composi¬ 
tion  of  a  Natural  Mixed  Hardwood  Forest.  Trans.  Ill.  St.  Acad.  Sci. 
69(4) :446-454. 

Root,  T.  W. ,  J.  W.  Geis,  and  W.  R.  Boggess.  1971.  Woody  Vegetation  of 
Hart  Memorial  Woods,  Champaign  County,  Illinois.  Trans.  Ill.  St. 
Acad.  Sci.  64 (1) : 27-37 . 


419 


TRANSACTIONS,  ILL.  STATE  ACAD.  SCI. 

Vol .  71,  No.  4  (1978) 


A  SOUTHERN  RANGE  EXTENSION  OF  SOREX  CINEREUS 

IN  ILLINOIS 

Larry  L.  Cadwella 
David  P.  Brateb 

Department  of  Biological  Sciences,  Illinois  State  University 

Normal,  Illinois  61761 

ABSTRACT  -  A  southern  extension  of  the  range  of  Sorex 
cinereus  into  central  Illinois  is  reported.  It 
appears  that  the  masked  shrew  reached  the  Evergreen 
Lake  vicinity  in  McLean  County  sometime  between  the 
spring  of  1974  and  the  spring  of  1976. 

In  late  March  and  early  April  1976  four  specimens  of  the  masked 
shrew  (Sorex  cinereus),  previously  reported  as  restricted  to  the  northern 
fourth  of  the  State  (Hoffmeister  and  Mohr,  1972),  were  trapped  approxi¬ 
mately  7  miles  northwest  of  Normal,  Illinois,  near  Evergreen  Lake  in 
McLean  County.  A  fifth  specimen  was  taken  in  the  fall  of  1976  two  miles 
north  of  Normal,  adjacent  to  interstate  highway  55  (Birkenholz,  personal 
communication).  Sorex  cinereus  was  previously  collected  in  Warren  County, 
Illinois  (Birkenholz,  1963  field  notes)  and  also  in  Vigo  County,  Indiana 
(Whitaker,  1967).  The  location  of  captures  which  we  report  bridges  the 
gap  in  the  known  distribution  of  this  species  as  McLean  County  is  nearly 
midway  between  Warren  and  Vigo  counties. 

The  initial  recording  of  a  species  in  an  area  is  subject  to  question 
as  to  whether  a  recent  extension  of  range  occurred,  or  whether  the 
species  was  previously  overlooked.  We  believe  that  the  masked  shrew 
only  recently  extended  its  range  into  northern  McLean  County.  Our  four 
specimens  were  taken  during  a  followup  study  on  the  small  mammals  of  the 
Evergreen  Lake  area,  which  Reynolds  (1974)  snap  trapped  intermittently 
during  1972-1974.  He  recorded  no  S^.  ci nereus  during  7,875  trap  nights 
whereas  our  specimens  were  taken  in  4,200  trap  nights.  This  suggests 
that  S..  cinereus  probably  extended  its  range  into  the  Evergreen  Lake 
area  between  spring  of  1974  and  spring  of  1976. 

Three  specimens  are  deposited  in  the  Illinois  State  University  Mam¬ 
mal  Collection  (ILLSU  nos.  923,  924,  and  927). 


a.  Present  address: 

b.  Present  address: 


Ecosystems  Department,  Pacific  Northwest  Laboratory; 
Richland,  WA  99352 

1718  Walnut  Street;  Peru,  Illinois  61354 
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CONTENTS  OF  WILD  TURKEY  DROPPINGS  COLLECTED  IN  WINTER 
ON  CRAB  ORCHARD  NATIONAL  WILDLIFE  REFUGE 

Richard  A.  Lancia 

Forestry  Department,  North  Carolina  State  University,  Raleigh,  NC  27650 

and 

W.  D.  Klimstra 

Cooperative  Wildlife  Res.  Lab.,  Southern  Illinois  Univ.,  Carbondale,  IL  62901 

Abstract:  Analysis  of  307  wild  turkey  droppings  re¬ 
vealed  in  decreasing  order  of  abundance  corn,  acorns, 
loblolly  pine  nuts,  grass  and  sedge  leaves,  and  milo 
as  significant  items  in  the  winter  diet.  A  dependency 
on  corn  and  an  apparent  deficiency  in  hard  mast  re¬ 
flected  marginal  quality  of  the  habitat. 

In  1967  introduced  wild  turkeys  (Meleagris  gallopavo  silvestris 
Vieillot)  became  established  in  low  numbers  on  Crab  Orchard  National 
Wildlife  Refuge  (CONWR),  Williamson  County,  Illinois.  Visual  and  radio¬ 
telemetric  observations  of  marked  birds  indicated  a  small  flock  of  5-7 
individuals  regularly  used  two  roost  sites  on  the  west  side  of  CONWR. 

Birds  ranged  throughout  32  hectares  surrounding  the  roosts,  and  most 
activity  was  within  0.3  km  of  roost  trees.  This  winter  range  was  domi¬ 
nated  by  loblolly  pine  (Pinus  taeda)  plantations  interspersed  with  small 
patches  of  oak-hickory  (Quercus-Carya)  woods,  goldenrod-sumac  (Solidago- 
Rhus)  and  cheat  grass  (Bromus  spp)  openings,  corn  (Zea  mays)  fields  and 
pastures.  Roost  site-1  was  used  intermittently  from  late  November,  1972 
until  mid-January,  1973,  and  roost  site-2  from  late  January  until  early 
March,  1973.  Because  the  Refuge  was  located  on  the  northern  extreme 
of  turkey  range  in  Illinois,  an  investigation  to  determine  food  habits 
during  the  critical  winter  months  was  initiated. 

METHODS 


Droppings,  collected  in  seven  sub-samples  primarily  under  roosts  in 
loblolly  pine  plantations  during  the  winter  of  1972-73,  were  analyzed 
according  to  Korschgen  (1969).  Data  were  tabulated  by  aggregate  volume 
(Martin  et  al . ,  1946)  and  adjusted  to  equal  volumes  for  each  sub-sample. 
Plant  nomenclature  was  according  to  Mohlenbrock  and  Voigt  (1959). 

RESULTS 


Thirty-five  plant  species  were  identified  in  307  droppings.  In  order 
of  decreasing  abundance,  corn,  acorns,  loblolly  pine  nuts,  grass  and 
sedge  leaves,  and  milo  (Sorghum  vulgare)  were  most  numerous  food  items. 
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accounting  for  slightly  less  than  78  percent  of  the  fecal  matter  (Table  1). 
An  unharvested  corn  field  0.1  to  0.3  km  from  the  roost  sites  and  bait 
piles  were  the  source  of  corn.  Corn  was  more  abundant  in  early  winter 
sub-samples  probably  reflected  a  depletion  of  this  food  resource. 

Table  1.  Ten  most  numerous  (by  volume)  food  items  identified  in  wild 
turkey  droppings  (N  =  307)  collected  in  the  winter  of  1972- 
73,  Crab  Orchard  National  Wildlife  Refuge,  Williamson  County, 
Illinois. 


Rank 

Item 

Percent  Volume 

1 

Corn  (Zea  mays) 

29.7 

2 

Acorns  (Quercus  spp.) 

20.2 

3 

Loblolly  Dine  nuts  (Pinus  taeda) 

14.0 

4 

Grass  (Gramineae)  and  sedge  (Cyperaceae)  leaves 

8.7 

5 

Undetermined  plant 

5.7 

6 

Milo  (Sorghum  vulgare) 

5.1 

7 

Sumac  and  poison  ivy  (Rhus  spp.) 

2.7 

8 

Grapes  ( Vi ti s  spp.) 

2.0 

9 

Grasses  (Bromus  spp.) 

1.9 

10 

Sedges  (Carex  spp.) 

1 .5 

Miscellaneous^ 

8.4 

99.9 

Other  species  identified  in  more  than  trace  volumes  were  Lespedeza  spp., 
Lonicera  japonica,  Prunus  serotina,  Setaria  spp. ,  Sassafras  albidum, 
Elymus  virginicus,  Rosa  mul ti flora,  Boehmeria  cylindrica,  Desmodium  spp . , 
Cel ti s  occidentrPis ,  Plantago  rugelii,  and  Pan i cum  spp. 


Acorns  accounted  for  the  greatest  percentage  in  sub-samples  from 
roost  site-2  (Figure  1).  Use  of  acorns  increased  throughout  the  winter 
reflecting  either  1)  a  depletion  of  the  corn  resource  or  2)  increased 
availability  of  acorns  near  roost  site-2. 
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Figure  1.  Trends  in  percent  composition  by  volume  of  corn,  pine  nuts, 
acorns,  grasses  and  sedges  and  milo  in  wild  turkey  droppings. 

Crab  Orchard  National  Wildlife  Refuge,  Williamson  County, 
Illinois. 

The  presence  of  pine  nuts,  grasses  and  sedges  in  fecal  samples  through¬ 
out  winter  suggested  winter-long  accessibility.  Thus,  pine  plantations  ap¬ 
parently  provided  a  food  resource  in  addition  to  suitable  roosting  cover. 

Milo,  used  as  bait  for  only  a  short  period,  accounted  for  15.6  per¬ 
cent  of  the  sub-sample  collected  that  period;  this  established  milo  6th 
in  rank  (by  volume)  in  the  winter-long  sample.  The  rapid  increase  in  use 
of  milo  after  baiting  reflected  accessibility  and  possibly  suggested  a 
deficiency  in  availability  of  natural  foods. 

Animal  matter,  composed  almost  entirely  of  stinkbugs  (Pentatomidae) , 
accounted  for  1.0  percent  of  the  fecal  material.  Because  they  were  found 
in  every  sub-sample,  stinkbugs  were  an  important  food  even  though  accounting 
for  only  a  small  percentage. 

Forty-three  other  items,  found  both  infrequently  and  in  small  amounts, 
provided  the  remaining  volume. 
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DISCUSSION 


The  most  numerous  food  items  found  in  the  present  study  were  similar 
to  those  found  by  Korschgen  (1967,  p.  170)  in  a  compilation  of  food- 
habits  data  from  throughout  the  eastern  United  States.  Seven  of  the  ten 
highest  ranking  species  in  the  Korschgen  study  were  also  in  the  top  ten 
of  the  present  study  (Table  2).  However,  in  the  range-wide  study  acorns 
were  the  most  important  accounting  for  nearly  one-half  the  diet,  while 
in  our  study  they  represented  only  one-fifth  and  were  ranked  second  (by 
percent  volume).  Furthermore,  corn  was  ranked  first  in  our  study,  ac¬ 
counting  for  almost  one-third  of  the  diet,  but  only  accounted  for  one- 
twentieth  of  the  range-wide  diet.  Apparently,  a  dependency  on  corn 
and  a  deficiency  in  available  hard  mast  in  our  study  area  reflected  poor 
habitat  quality  for  turkeys. 

Table  2.  Comparison  of  the  ten  most  abundant  food  items  used  by  wild 

turkeys  in  the  winter  as  determined  by  Korschgen  (1967,  p.  170) 
and  by  the  present  study. 


Food  Item 

Korschgen 

Percent  Vol .  (Rank) 

Present 

Percent  Vol .  (Rank) 

Acorns  (Quercus  spp.) 

47.1  (1) 

20.2  (2) 

Grass  (Gramineae)  and  sedge 
(Cyperaceae)  leaves 

14.5  (2) 

8.7  (4) 

Corn  (Zea  mays) 

4.9  (3) 

29.7  (1) 

Grapes  (Vitis  spp.) 

4.7  (4) 

2.0  (8) 

Dogwoods  (Cornus  spp.) 

4.3  (5) 

0.0 

Undetermined  plant 

4.1  (6) 

5.7  (5) 

Sumac  and  poison  ivy  (Rhus  spp.) 

2.8  (7) 

2.7  (7) 

Pteridophyta 

2.8  (8) 

T](48) 

Beech  (Fagus  grandi folia) 

1.6  (9) 

0.0 

Sedges  (Carex  spp.) 

1 .2(10) 

1 .5(10) 

Pines  (Pinus  spp.) 

0.4(17) 

14.0  (3) 

Milo  (Sorghum  vulgare) 

0.0 

5.1  (6) 

Grasses  (Bromus  spp.) 

0.0 

1.9  (9) 

Vrace 
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VASCULAR  FLORA  OF  SHAW  PRAIRIE,  LAKE  COUNTY,  ILLINOIS 
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ABSTRACT  -  An  annotated  catalog  of  137  taxa  of  vascular 
plants  is  presented  for  a  relatively  undisturbed  wet  mesic 
prairie  and  sedge  meadow  located  in  the  City  of  Lake  Forest, 
Lake  County,  Illinois.  The  prairie  is  dominated  by 
Sporobolus  heterolepis  and  contains  many  typical  northeastern 
Illinois  prairie  plants. 


Shaw  Prairie  is  a  high  quality  wet  mesic  prairie  ( sensu  Curtis  1959) 
located  in  the  City  of  Lake  Forest,  Illinois  (NEQ,  sec.  29,  T44N,  R12E, 
Waukegan  U.S.G.S.  Topographic  Quadrangle  7.5'  series).  The  prairie 
occupies  the  topographically  low  Skokie  drainage  area,  located  between 
two  glacial  moraines  of  the  Lake  Border  Morainic  System  (Will man  1971). 
Presettlement  vegetation  studies  of  Lake  County  show  that  this  prairie 

is  a  remnant  of  the  original  wet  mesic  prairies  that  once  existed  along 

the  Skokie  River  in  Lake  and  Cook  Counties  (Moran  1978).  While  most  of 
this  prairie  was  destroyed  by  farming  and  urban  development,  this  4  acre 
tract  persisted  because  it  was  protected  by  the  Shaw  family  since  1896 
for  esthetic  reasons.  The  fact  that  Shaw  Prairie  was  intentionally 
preserved  by  benevolent  owners  makes  it  unique  from  most  other  Illinois 
prairies  that  were  preserved  only  by  accident  or  because  they  were 
unsuitable  for  agricultural  use.  This  paper  provides  an  annotated  list 
of  vascular  plants  found  only  in  the  undisturbed  portions  of  wet  mesic 

prairie  and  sedge  meadow  at  Shaw  Prairie. 

Two  soil  types  dominate  the  prairie;  Mundelein  silt  loam  (424A),  and 
the  more  common  Pella  silty  clay  loam  (153)  (Paschke  and  Alexander  1970). 
Both  types  are  poorly  drained  soils  formed  over  calcareous  silt,  sand, 
or  glacial  drift.  The  soils  have  moderate  permeability  and  high  available 
moisture.  Spring  water  table  levels  for  these  soils  is  typically  1  to  3 
feet  below  the  surface.  Drainage  is  into  the  Skokie  River,  approximately 
15  meters  from  the  western  edge  of  the  prairie. 
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Shaw  Prairie  was  donated  to  the  Illinois  Chapter  of  the  Nature 
Conservancy  in  1976  by  Mrs.  Sylvia  Shaw  Haskins.  Management  of  the 
entire  prairie  tract  by  the  Lake  Forest  Open  Lands  Association  began 
in  1976  and  has  consisted  of  annual  spring  burns  and  brush  removal. 

The  study  area  within  Shaw  Prairie  was  chosen  because  it  appeared 
relatively  undisturbed.  Criteria  used  in  determining  undisturbed 
prairie  were:  no  obvious  physical  disturbance  to  the  soil,  homoqeneous 
cover  of  prairie  grasses  and  forbs,  high  species  diversity,  and  low 
amount  of  shrub  and  alien  plant  invasion.  Statements  made  by  the  owner 
(Sylvia  Shaw  Haskins,  personal  communication  1977)  that  the  site  was 
never  grazed,  at  least  not  in  the  92  years  the  property  has  been  owned 
by  the  Shaw  family,  support  the  authors'  use  of  the  above  criteria  in 
selecting  the  study  area. 

A  history  of  fire  suppression  was  practiced  by  the  Shaw  family 
allowing  invasion  of  woody  vegetation,  particularly  around  the  edges 
of  the  prairie.  Typical  woody  species  in  the  shrubby  border  surrounding 
the  prairie  include  Cornus  raoemosa,  Crataegus  spp.,  Physooarpus 
opulifoUa,  Prunus  ameriaana ,  P.  Serrotina Querous  eVlipsoidatis, 
Phamnus  aathartica ,  Ulmus  rubra and  Viburnum  lentago .  Mrs.  Sylvia 
Shaw  Haskins  (Personal  communication  1977)  who  has  lived  near  the 
prairie  for  86  years,  has  observed  a  decrease  in  the  abundance  of 
many  prairie  forbs,  in  particular  Castilleja  ooeainea  and  Gentiana 
andrewsii.  This  may,  in  part,  be  due  to  fire  suppression  within  the 
study  area.  The  eastern  third  of  Shaw  Prairie  was  formerly  nrazed  and 
is  now  dominated  by  Andropogon  gerardii  and  Sorghastrum  nutans 3  in 
contrast  to  the  ungrazed  portions  only  a  few  meters  away  that  are 
dominated  by  Sporobolus  heterolepis .  Plants  of  the  grazed  portion 
of  Shaw  Prairie  are  not  included  in  this  study. 

In  1971  two  narrow  strips  of  land,  one  running  north-south  on 
the  west  edge  of  the  prairie  and  another  east-west  through  the  center 
of  the  site,  were  destroyed  by  trucks  and  heavy  construction  equipment 
when  the  City  of  Lake  Forest  built  a  sewer  through  the  property. 

Shortly  thereafter,  cold  calcareous  groundwater  began  percolating  up 
in  one  location  where  the  ground  had  been  disturbed,  and  has  maintained 
a  relatively  constant  flow  to  this  date.  The  constant  h i ah  water 
table,  indicated  by  this  artesian  seepage,  is  probably  an  important 
environmental  factor  in  the  presence  of  certain  calciphiles  and  wet 
prairie  species.  Earlier  channelization  of  the  near-by  Skokie  River 
has  undoubtedly  affected  the  water  table  and  hydrology  of  the  study 
area,  perhaps  lessening  this  environmental  factor. 

The  sampling  data  shown  in  Table  1  were  collected  by  the  junior 
author  and  Mr.  Keith  L.  Wilson  on  21  June,  1976,  while  workinq  for 
the  Illinois  Natural  Areas  Inventory.  Thirty  randomly  selected  points 
were  sampled  with  a  1/4M2  area  circular  hoop  along  a  transect  through 
the  undisturbed  portions  of  the  prairie.  These  data  show  that  Shaw 
Prairie  is  highly  diverse  and  contains  many  typical  northeastern 
Illinois  prairie  plants  (Swink  1974). 
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Table  1.  Frequency  presence  data  from  30%M  Circular  plots  placed 
randomly  along  a  transect  through  the  undisturbed  portions  of  Shaw  Prairie. 


Species 

Frequency 

Species 

Frequency 

Sporobolus  heterolepis 

86.6 

Cas tilled a  coccinea 

10.0 

Allium  aernuum 

80.0 

Solidago  riddellii 

10.0 

Carex  buxbaumii 

60.0 

Cornus  racemosa 

6.6 

Liatris  spicata 

60.0 

Rosa  Carolina 

6.6 

Andropogon  gerardii 

56.6 

Schizachyrium  scoparium 

6.6 

Aster  azureus 

53.3 

Equisetum  arvense 

6.6 

Sorghastrum  nutans 

50.0 

Chrysanthemum  leucanthemum 

6.6 

Cormandra  riehardsiana 

50.0 

Lobelia  spicata 

6.6 

Fragaria  virginiana 

46.6 

Bromus  ciliata 

6.6 

Valeriana  ciliata 

36.6 

Scutellaria  yarvula 

6.6 

Lithospermum  canescens 

36.6 

Tradescantia  ohiensis 

6.6 

Galium  obtusum 

36.6 

Luzula  multi  flora 

6.6 

Phlox  glaberrima 

36.6 

Rudbeckia  hirta 

6.6 

Pycnanthemum  virginianum 

36.6 

Smilacina  stellata 

6.6 

Silphium  terebinthinaceum 

36.6 

Gentiana  andrewsii 

3.3 

Lysimaohia  quadriflora 

33.3 

Erigeron  philadelphicus 

3.3 

Zizia  aurea 

33.3 

Lilium  michiganense 

3.3 

Senecio  pauperculus 

33.3 

Oxypolis  rigidior 

3.3 

Veronicas trum  virginicum 

30.0 

Aster  spp. 

3.3 

Sisyrinchium  albidum 

30.0 

Equisetum  laevigatum 

3.3 

Eeuchera  richardsonii 

26.6 

Allium  canadense 

3.3 

Carex  meadii 

26.6 

Poa  pratensis 

3.3 

Panicum  lanuginosum 

23.3 

Euphorbia  corollata 

3.3 

Salix  glaucophylloides 

23.3 

Lactuca  canadensis 

3.3 

Bromus  Kalmii 

23.3 

Eelianthus  grosseserratus 

3.3 

Hypoxis  hirsuta 

20.0 

Eleocharis  elliptica 

3.3 

Senecio  aureus 

20.0 

Ratibida  pinnata 

3.3 

Monarch,  fistulosa 

20.0 

Populus  tremuloides 

3.3 

Lathy rus  palustris 

16.6 

Eypericum  punctatum 

3.3 

Petalo sternum  purpureum 

16.6 

Lespedeza  capita ta 

3.3 

Carex  granularis 

16.6 

Viola  X  bernardii 

3.3 

Krigia  biflora 

13.3 

Gentiana  quinque folia 

3.3 

Dodecatheon  meadia 

10.0 

Coreopsis  tripteris 

3 . 3 

Silphium  integri folium 

10.0 

Juncus  dudleyi 

3.3 

Solidago  nemoralis 

10.0 

Thalictrum  dasycarpum 

3.3 

Viola  practincola 

10.0 

Typical  spring  forbs  include  Castilleqa  coccinea 3  Bodecatheon  meadia3 
Erigeron  Philadelphia  us 3  Lithospermum  canescens3  Phlox  glaberrima3 
Senecio  pauperculus3  Smilaoina  stellata3  Sisyrinchium  albidum3 
Tvadescantia  ohiensis 3  Valeriana  oiliata3  and  Zizia  aurea. 
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Prominent  summer  species  include  Allium  cernuum3  Bromus  kalmii > 
Liatris  spioata ,  Petalostemum  purpureum Pyonanthemum  virginianum 3 
Ratibida  pinnata3  Solidago  riddelliiy  and  Staohys  palustris . 

Commom  late  summer  and  fall  taxa  include  Aster  azureus ,  A.  novae- 

angliae ,  Rudbeokia  hirta ,  Silphium  terebinthinaceumy  Solidago  nemoralis, 
S.  rigiday  and  Spiranth.es  oemua . 

The  undisturbed  portions  of  Shaw  Prairie  are  dominated  by  large 
clumps  of  Sporobolus  heterolepis.  It  is  significant  that  many  other 
high  quality  prairies  in  northeastern  Illinois  are  also  dominated,  or 
have  a  high  frequency  of  this  grass  (Unpublished  sampling  data,  Illinois 
Natural  Area  Inventory).  These  Sporobolus  -  dominated  prairies 
contain  soils  developed  from  calcareous  glacial  parent  materials. 

Because  Sporobolus  heterolepis  is  a  calciphile  (Fernald  1950; 

Steyermark  1963),  the  calcareous  soils  and  parent  materials  in 
northeastern  Illinois  may  have  been  a  factor  in  promoting  the 
abundance  of  the  grass. 


ANNOTATED  CATALOG 

The  following  catalog  includes  137  species  of  native  and  naturalized 
plants  known  to  occur  in  the  study  area.  All  taxa  listed  were  collected 
by  the  authors  during  field  studies  conducted  during  1976  through  1978. 

Voucher  specimens  are  deposited  in  the  herbarium  at  the  Morton  Arboretum, 

Lisle,  Illinois  (MORT). 

The  order  of  plant  families  and  nomenclature  follow  that  of  Mohlenbrock 
(1975).  For  convenience,  genera  and  species  have  been  arranged  alphabetically. 
Species  preceded  by  an  asterisk  (*)  are  those  that  are  alien  or  introduced. 
Common  names  and  the  authors'  collection  numbers  are  given,  followed  by  a 
description  of  the  habitats  and  relative  abundance  of  each  species. 


EQUISETACEAE  (Horsetail  Family) 

Equisetum  arvense  L.  Common  Horsetail.  M764.  Rare  in  prairie. 

Equisetum  laevigatum  A.  Br.  Smooth  Scouring  Rush.  M302.  Common  in  prairie. 
P0LYP0DIACEAE  (Polypody  Family) 

Onoclea  sensibilis  L.  Sensitive  Fern.  B167.  Occasional  in  sedge  meadow. 
Thelypteris  palustris  Schott  var.  pubesoens  (Laws)  Fern.  Marsh  Fern. 

M540.  Occasional  in  sedge  meadow. 

POACEAE  (Grass  Family) 

*Agropyron  repens  (L.)  Beauv.  Quack  Grass.  M384.  Rare  in  Prairie. 
Andropogon  gerardii  Vitman.  Big  Bluestem;  Turkeyfoot  Grass.  B166. 

Common  in  undisturbed  prairie. 

Bromus  ciliatus  L.  Canada  Brome  Grass.  B159.  Common  in  sedge  meadow. 

Bromus  kalmii  Gray.  Brome  Grass.  M388.  Common  in  prairie. 

Calamagrostis  canadensis  (Michx.)  Beauv.  Bluejoint  Grass.  M525. 

Occasional  to  locally  abundant  in  sedge  meadow. 
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Elymus  canadensis  L.  Nodding  Wild  Rye.  M526.  Infrequent  in  prairie. 

Glyceria  striata  (Lam.)  Hitch,  var.  stricta  (Seri bn.)  Fern. 

Fowl  Manna  Grass.  B161,  M297.  Common  in  sedge  meadow. 

Hierochloe  odorata  (L.)  Beauv.  Sweet  Grass.  M575.  Rare  in  prairie. 

Muhlenbergia  mexicana  (L.)  Trin.  Muhly.  M546.  Rare  in  sedge  meadow. 

Panicum  lanuginosum  Ell.  var.  implication  (Seri bn.)  Fern.  Panic  Grass. 
Occasional  in  prairie. 

Panicum  virgatum  L.  Switch  Grass.  B421.  Occasional  in  prairie. 

*Phalaris  arundinacea  L.  Reed  Canary  Grass.  M424.  One  small  colony 
seen  in  the  northwest  corner  of  the  prairie. 

*Poa  compressa  L.  Canadian  Bluegrass.  M544.  Rare  in  prairie. 

*Poa  pratensis  L.  Kentucky  Bluegrass.  M765.  Rare  in  prairie. 

Schizachyrium  scoparium  (Michx.)  Nash.  Little  Blues tern.  B417. 

Common  in  prairie. 

Sorghastrum  nutans  (L.)  Nash.  Indian  Grass.  B415.  Occasional  in  prairie 

Spartina  pectinata  Lind.  Prairie  Cord  Grass.  M421.  Rare  in  prairie, 
common  in  sedge  meadow. 

Sporobolus  heterolepis  Gray.  Prairie  Dropseed.  M387.  Dominant  grass  in 
prai  rie. 

CYPERACEAE  (Sedge  Family) 

Carex  buxbaumii  Wahlenb.  B106,M9.  Common  in  prairie  and  sedge  meadow. 

Carex  granularis  Muhl .  M209.  Occasional  in  prairie. 

Carex  pensylvanica  Lam.  M168.  Common  in  Prairie. 

Carex  stricta  Lam.  M385.  Dominant  in  sedge  meadow. 

Carex  tetanica  Schk.  B59,  M166.  Common  in  prairie. 

Eloecharis  elliptica  Kunth.  var.  compressa  (Sulliv.)  Drap.  &  Mohlenbr. 
M768.  Occasional  in  prairie. 

COMMELINACEAE  (Spiderwort  Family) 

Tradescantia  ohiensis  Raf.  Spiderwort.  M390.  Common  in  sedge  meadow 
and  prairie. 

JUNCACEAE  (Rush  Family) 

Juncus  dudleyi  Wieg.  B160,  M307.  Common  in  prairie. 

Luzula  multiflora  (Retz.)  Lejeune.  Wood  Rush.  M766.  Rare  in  prairie. 

LILIACEAE  (Lily  Family) 

Allium  canadense  L.  Wild  Onion.  B103.  Common  in  prairie. 

Allium  cemuum  Roth.  Nodding  Onion.  B173.  Abundant  in  Drairie. 

* Asparagus  officinalis  L.  Wild  Asparagus.  B68.  Rare  in  prairie. 

Hypoxis  hirsuta  (L.)  Coville.  Yellow  Star  Grass.  B52.  Occasional  in 
prairie. 

Lilium  michiganense  Farw.  Michigan  Lily.  B 1 41 .  Occasional  in  prairie 
and  sedge  meadow. 

Smilacina  stellata  (L.)  Desf.  Small  False  Solomon's  Seal.  Common  in 
prairie. 

IRIDACEAE  (Iris  Family) 

Iris  shrevei  Small.  Wild  Blue  Iris.  M541 .  Uncommon  in  sedge  meadow. 

Sisyrinchium  albidum  Raf.  Blue-eyed  Grass.  M164.  Common  in  prairie. 

ORCHIDACEAE  (Orchid  Family) 

Spiranthes  cemua  (L.)  Rich.  Nodding  Ladies  Tresses.  B412.  Our 

specimen  has  many  morphological  characteristics  of  S.  magnicamporum 
Sheviak;  however,  Dr.  C.J.  Sheviak  (Personal  communication  1977) 
informs  us  that  our  specimen  is  triploid,  and  therefore,  he  believes, 
best  put  under  S .  cemua. 
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SALICACEAE  (Willow  Family) 

Salix  bebbiana  Sarg.  Bebb  Willow.  M10,  M29.  Occasional  in  prairie. 

Salix  discolor  Mugl .  Pussy  Willow.  M27.  Locally  common  in  prairie. 

Populus  tremuloides  Michx.  Quaking  Aspen.  B58.  Locally  common  around 
edges  of  prairie. 

FAGACEAE  (Beech  Family) 

Quercus  ellipsoidalis  E.J.  Hill.  Hill's  Oak.  M423.  Invading  the  prairie 
along  its  margins;  rare. 

SANTALACEAE  (Sandlewood  Family) 

Comandra  richardsoniana  Fern.  Fasle  Toadflax.  B81 ,  M163.  Common  in 
prairie. 

CARYOPHYLLACEAE  (Pink  Family) 

Arenaria  lateriflora  L.  Sandwort.  M202.  Local  in  the  southwest  corner 
of  the  prairie. 

RANUNCULACEAE  (Crowfoot  Family) 

Anemone  canadensis  L.  Meadow  Anemone.  M576.  Rare  in  sedge  meadow. 

Thalictrw n  dasycarpum  Fisch.  &  Lai  1 .  Purple  Meadow  Rue.  M382. 

Uncommon  in  prairie. 

Thalictrvm  dioicum  L.  Early  Meadow  Rue.  B62.  Occasional  in  Prairie. 

CRUCIFERAE  (Mustard  Family) 

Cardamine  bulbosa  (Schreb.)  BSP.  M545.  Rare  in  sedqe  meadow. 

SAXIFRAGACEAE  (Saxifrage  Family) 

Eeuchera  richardsonii  R.  Br.  var.  grayana  Rosend.,  Butt.  &  Lak. 

Prairie  Alumroot.  B97.  Common  in  prairie. 

Rosaceae  (Rose  Family) 

Fragaria  virginiana  Duchesne.  Wild  Strawberry.  Ml 61 .  Common  in  prairie. 

*Physocarpus  opulifolius  (L.)  Maxim.  Ninebark.  Invading  around  the 
edges  of  the  prairie. 

Potentilla  simplex  Michx.  Common  Cinquefoil.  M208.  Occasional  in  Prairie. 

Prunus  americana  Marsh.  Wild  Plum.  Mil.  Occasional  around  edges  of  the 
prairie. 

Rosa  Carolina  L.  Pasture  Rose.  B148.  Rare  in  prairie. 

LEGUMINOSAE  (Bean  Family) 

Desmodium  canescens  (L.)  DC.  Hoary  Tick  Trefoil.  B155.  Rare  in  prairie. 

Lathyrus  myrtifolius  Muhl .  Vetchling.  M301 .  Rare  in  sedge  meadow  and 
prai rie. 

Lathyrus  palustris  L.  Marsh  Vetchling.  M299.  Common  in  prairie. 

Lespedeza  capitata  Michx.  Round-headed  Bush  Clover.  B414.  Occasional 
in  prairie. 

Petalo sternum  purpureum  (Vent.)  Rydb.  Purple  P-airie  Clover.  B169. 

Common  in  prairie. 

Vida  americana  Muhl.  American  Vetch.  B66,  M206.  Common  in  prairie  and 
sedge  meadow. 

GERANIACEAE  (Geranium  Family) 

Geranium  maculatum  L.  Wild  Geranium.  B63.  Occasional  around  the  edges  of 
the  prairie  and  sedge  meadow. 

EUPHORBIACEAE  (Spurge  Family) 

Euphorbia  corollata  L.  Flowering  Spurge.  B70.  Frequent  throughout  the 
prai rie. 

RHAMNACEAE  (Buckthorn  Family) 

Ceanothus  americanus  L.  New  Jersey  Tea.  B144.  Rare  in  prairie. 

*Rhamnus  cathartica  L.  Common  Buckthorn.  Ml 57.  Frequently  found  invading 
the  prairie  along  its  edges. 
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VIOLACEAE  (Violet  Family) 

Viola  X  bemardii  Greene.  M767.  Rare  in  prairies;  a  hybrid  between 
the  following  species. 

Viola  pedatifida  G.  Don.  Prairie  Violet.  Ml 5.  Uncommon  in  prairie. 

Viola  pratinoola  Greene.  Common  Blue  Violet.  Ml 65.  Common  in  prairie. 
LYTHRACEAE  (Loosestrife  Family) 

Ly thrum  alatum  Pursh.  Winged  Loosestrife.  B163.  Occasional  in  sedge 
meadow. 

Zizia  aurea  (L.)  Koch.  Golden  Alexanders.  B60.  Common  in  prairie. 
CORNACEAE  (Dogwood  Family) 

Comus  racemosa  Lam.  Gray  Dogwood.  M567.  Locally  abundant,  the  most 
frequent  woody  invader  along  prairie  edges. 

PRIMULACEAE  (Primrose  Family) 

Dodeoatheon  meadia  L.  Shooting  Star.  M201 .  Locally  common  in  prairie. 
Lysimaohia  quadri flora  Sims.  Loosestrife.  B142.  Common  in  prairie. 
GENTIANACEAE  (Gentian  Family) 

Gentiana  andrewsii  Griseb.  Closed  Gentian.  M465.  Uncommon  in  prairie. 
Gentiana  quinquefolia  L.  var.  oooidentalis  (Gray)  Hitch.  St riff  Gentian. 
B402,  M549.  Uncommon  in  prairie. 

ASCLEPIADACEAE  (Milkweed  Family) 

Asolepias  inoamata  L.  Swamp  Milkweed.  B197.  Occasional  in  sedge  meadow 
and  prairie. 

Asolepias  purpurasoens  L.  Purple  Milkweed.  B1 51 ,  M296.  Rare  around  edges 
of  the  prairie. 

Asolepias  sullivantii  Englem.  Prairie  Milkweed.  B100.  Uncommon  but 
throughout  the  prairie. 

Asolepias  tuberosa  L.  var.  interior  (Woodson)  Shinners.  Butterfly-weed. 
B147.  Rare  in  prairie. 

POLEMONACEAE  (Phlox  Family) 

Phlox  glaberrima  L.  ssp.  interior  (Wherry)  Wherry.  Smooth  Phlox. 

B104.  Common  in  prairie. 

Phlox  pilosa  L.  Downy  Phlox.  B64.  Infrequent  in  prairie. 

BORAGINACEAE  (Borage  Family) 

Lithospermum  oanesoens  (Michx.)  Lehm.  Hoary  Puccoon.  B56,  Ml 2. 

Frequent  in  prairie. 

LABIATAE  (Mint  Family) 

Lyoopus  amerioanus  Muhl .  Common  Water  Horehound.  B442,M383.  Common 
in  sedge  meadows. 

Monarda  fistulosa  L.  Wild  Bergamot.  B158.  Infrequent  in  prairie. 

Prunella  vulgaris  L.  var.  lanoeolata  (bart.)  Fern.  Self-heal.  M398. 
Common  in  prairie. 

Pyonanthemum  virginianum  (L.)  Dur.  &  Jacks.  Common  Mountain  Mint.  M368. 
Abundant  in  prairie. 

Scutellaria  parvula  Michx.  var.  leonardii  (Epling)  Fern.  Small  Skullcap. 
B53,  M204.  Common  in  prairie. 

Staohys  palustris  L.  var.  homotrioha  Fern.  Woundwort.  B154,  M295. 

Common  in  prairie. 
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SCROPHULARIACEAE  (Figwort  Family) 

Castilleja  ooooinea  L.  Indian  Paintbrush.  B54,  Ml 59.  Common  in  prairie 
f.  lutescens  Farw.  Ml 60.  Always  found  with  the  above  but  less  common. 
Mimulus  ringens  L.  Monkey-flower.  M419.  Occasional  in  sedae  meadow. 
Pedicularis  canadensis  L.  Lousewort.  Ml 62.  Infrequent  in  prairie. 
Veronicas trum  virgini cum  (L.)  Farw.  Cul ver ' s-root .  B157.  Abundant 

in  prairie. 

RUBIACEAE  (Madder  Family) 

Galium  obtusum  Bigel.  Wild  Madder.  B98.  Common  in  sedge  meadow. 
CAPRIFOLIACEAE  (Honeysuckle  Family) 

*Lonicera  X  bella  Zabel .  Ml 58.  Invading  the  prairie  along  ednes. 

Vibemum  lentago  L.  Nannyberry.  M205.  Occasionally  invading  the  prairie. 
*Vibemum  opulus  L.  European  High-bush  Cranberry.  M207.  Rarely 
invading  the  prairie  along  its  edae. 

VALERIANACEAE  (Valerian  Family) 

Valeriana  ciliata  Torr.  &  Gray.  Valerian.  Ml 3.  Common  in  prairie. 

* Valeriana  officinalis  L.  Garden  Heliotrope.  B71 .  Locally  common 
in  the  southeast  corner  of  the  prairie. 

CUCURBITACEAE  (Cucumber  Family) 

Echinocystis  lobata  (Michx.)  Torr.  &  Gray.  Wild  Balsam-apple.  B409. 

Rare,  with  invadinq  shrubs  alono  the  prairie's  edqe. 

CAMPANULACEAE  (Harebell  Family) 

Lobelia  spicata  Lam.  Spiked  Lobelia.  B156,  M300.  Common  in  prairie. 
C0MP0SITAE  (Sunflower  Family) 

Achillea  millefolium  L.  Common  Yarrow.  B101.  Rare  in  prairie. 

Antennaria  p lan tagini folia  (L.)  Richards.  Pussytoes;  Lady's  tobacco. 

Ml 56.  Rare  in  prairie. 

Aster  azureus  Lindl.  Sky  Blue  Aster.  B408,  M546.  Abundant  in  prairie. 
Aster  ericoides  L.  Heath  Aster.  M552.  Occasional  in  prairie. 

Aster  lateriflorus  (L.)  Britt.  Si de-fl oweri nq  Aster.  M563.  Commonly 
found  under  shrubby  thickets  that  are  invading  the  prairie. 

Aster  laevis  L.  Smooth  Aster.  M550.  Rare  in  prairie. 

Aster  novae-angliae  L.  New  England  Aster.  B406,  M547.  Common  in 
sedge  meadow  and  prairie. 

Aster  ontarionis  Wieg.  Ontario  Aster.  M564.  Occasional  around 
prairie  edges. 

Aster  puniceus  L.  var.  lucidulus  Gray.  Swamp  Aster.  B400,  M545,  M565. 
Locally  abundant  in  sedge  meadow. 

Aster  sagittifolius  Wedem.  ex  Willd.  var.  drummondii  (Lindl.)  Shinners. 

M541 .  Common  in  prairie  near  shrubby  edges. 

Aster  umbellatus  Mill.  Flat-top  Aster.  B401 .  Rare  in  sedge  meadow. 
Cacalia  tuberosa  Nutt.  Prairie  Indian  Plantain.  B165,  M305. 

Occasional  in  prairie. 

Cirsium  discolor  (Muhl . )  Spreng.  Field  Thistle.  M464.  Infrequent 
in  prairie. 

Coreopsis  tripteris  L.  Tall  Tickseed.  B413.  Rare  in  prairie. 

Erigeron  philadelphicus  L.  Marsh  Fleabane.  M203.  Common  in  prairie. 
Eupatorium  perfoliatum  L.  Common  Boneset.  B423.  Rare  in  prairie 
and  sedge  meadow. 

Helenium  autumnale  L.  Autumn  Sneezeweed.  B418:  Occasional  in 
prairie  and  sedge  meadow. 

Eelianthus  grosses erratus  Martens.  Sawtooth  Sunflower.  B407. 

Occasional  in  sedge  meadow. 
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Liatris  spioata  (L.)  Willd.  Marsh  Blazing-star.  B419.  Abundant  in 
prairie,  f.  albiflora  Britt.  Rare  at  northern  edge  of  prairie. 
Parthenium  integri folium  L.  Wild  Quinine.  B152.  Rare  in  prairie. 
Prenanthes  racemosa  Michx.  White  Lettuce.  B403.  Rare  in  prairie. 
Ratibida  pinnata  (Vent.)  Barng.  Drooping  Coneflower;  Yellow  Coneflower. 
B168.  Common  in  prairie. 

Rudbeokia  hirta  L.  Black-eyed  Susan.  B99.  Common  in  prairie. 

Rudbeokia  subtomentosa  Pursh.  Fragrant  Coneflower.  B416.  Occasional 
in  prairie. 

Seneoio  aureus  L.  Golden  Ragwort.  B57.  Occasional  in  prairie. 

Seneoio  pauperoulus  Michx.  Northern  Ragwort.  B105.  Common  in  prairie. 
Silphium  integri  folium  Michx.  Rosinweed.  B153.  Occasional  in  prairie. 
Silphium  terebinthinaoeum  Jacq.  Prairie  Dock.  B143.  Common  in  prairie. 
Solidago  canadensis  L.  Tall  Golden  rod.  M544.  Rare  in  prairie. 

Solidago  juncea  Ait.  Early  Goldenrod.  B146.  Common  in  prairie. 

Solidago  nemoralis  Ait.  Field  Goldenrod.  M543.  Common  in  prairie. 
Solidago  riddellii  Frank.  Riddell  Goldenrod.  M548.  Common  in  prairie. 
Solidago  rigida  L.  Rigid  Goldenrod.  B411.  Common  in  prairie. 

Vernonia  fasiculata  Michx.  Common  Ironweed.  B424.  Infrequent  in 
prairie  and  sedge  meadow. 
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WOLF-MOOSE  STUDIES  DEMONSTRATE  SCIENTIFIC  VALUE 

OF  WILDERNESS 

Dr.  Durward  L.  Allen 

Department  of  Forestry  and  Natural  Resources 
Purdue  University 
West  Lafayette,  Indiana  47907 


Presumably  in  February  1949,  a  pack  of  wolves  crossed  18  miles  of 
ice  from  Ontario's  Sibley  Peninsula  and  established  themselves  on  Isle 
Royale.  The  Lake  Superior  island  is  the  northernmost  land  in  Michigan 
and  one  of  the  nation's  37  national  parks. 

Before  the  historic  crossing,  no  national  park  in  the  lower  48 
states  had  a  breeding  population  of  the  gray  wolf.  Isle  Royale,  a 
range  of  210  square  miles,  offered  two  prey  species  of  significance: 
moose  and  beaver.  Early  in  the  century,  moose  had  colonized  and  built  up 
to  a  point  of  lethal  overpopulation.  They  had  devastated  the  browse 
supply  and,  in  the  1930's,  died  down  to  a  low  level.  A  fire  of  1936 
destroyed  about  20  percent  of  the  Isle  Royale  forest,  and  in  the  40s 
this  burn  was  in  brush  stages  that  provided  an  abundance  of  palatable 
foods  on  which  the  moose  could  build  up  again. 

This  biological  history  made  the  park  an  ideal  laboratory  for 
studying  relationships  of  the  wolf,  dominant  carnivore  of  primitive  times, 
and  its  largest  remaining  prey  species.  A  number  of  mammals  important 
on  the  mainland  had  not  yet  reached  the  island:  deer,  bear,  coyote, 
racoon,  porcupine,  skunk,  and  numerous  small  rodents.  Relatively,  the 
wildlife  community  of  Isle  Royale  presented  fewer  complexities  and  had 
more  discrete  populations  (for  counting  purposes)  than  those  of  Ontario 
or  Minnesota  to  the  north. 

Under  a  cooperative  agreement  between  the  National  Park  Service  and 
the  Purdue  Agricultural  Experiment  Station,  we  began  a  series  of  student 
projects  on  Isle  Royale  in  June  1958.  The  work  involved  four  doctoral 
programs  and  two  post-doctoral s.  In  1975  the  study  was  turned  over  to 
the  most  recent  student  investigator,  Dr.  Rolf  0.  Peterson,  who  is  now 
carrying  it  forward  from  his  position  on  the  biology  staff  of  Michigan 
Technological  University. 

Isle  Royale  has  been  isolated  and  uninhabited  from  early  November 
until  the  end  of  April -with  one  exception.  Our  crew  of  four  were  in  the 
winter  camp  for  7  weeks  in  February  and  March.  Using  a  light  plane  we 
made  counts  and  followed  the  fortunes  of  wolves  and  moose.  Summer  work 
consisted  of  many  hundreds  of  miles  of  hiking  in  teams  of  two,  examining 
moose  remains  that  could  not  be  reached  in  winter  and  studying  the  habits 
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of  all  species.  In  18  years  of  the  work,  substantial  records  were  secured 
on  more  than  1000  dead  moose. 

The  first  decade  of  the  study  was  characterized  by  relative  stability 
in  animal  relationships  and  environmental  conditions.  A  single  breeding 
wolf  pack  commonly  numbered  15  to  17,  and  the  entire  population  averaged 
about  24.  Moose  increased  from  approximately  700  to  1000,  and  beavers 
were  increasing  from  a  base  population  of  about  1000  in  the  early  60s. 

Wolves  were  markedly  selective  in  the  predation  on  moose,  taking 
primarily  the  calves  and  older  animals.  The  winter  kill  was  25  to  30 
percent  calves.  From  age  1  through  5  a  young  moose  appeared  nearly 
secure  from  predation;  old  moose  killed  averaged  9-10  years  old.  The 
oldest  cows  were  17.5  years,  and  the  oldest  bulls  15.5  years.  Many 
old  moose  had  physical  ailments  such  as  arthritis,  lumpy  jaw,  and 
hydatid  disease. 

In  1968  wolves  entered  a  4-year  period  of  minimum  numbers  (end  of 
winter,  16  to  20).  Three  out  of  4  years,  beginning  in  1969,  brought 
exceptionally  deep  snow-3  feet  or  more.  Heavy  runoff  and  abundant  summer 
moisture  favored  beavers,  which  built  up  to  about  2000  in  the  early  70s. 

At  this  time  moose  also  were  at  a  peak,  numbering  1000  or  more.  These 
developments  produced  major  changes  in  predator-prey  relationships. 

Wolves  increased  their  feeding  on  beavers  in  summer,  and  brought 
through  unusually  large  numbers  of  pups.  Their  population  reached  a 
maximum  (for  this  or  any  comparable  area)  of  44  in  1976.  In  winter  the 
plentiful  moose  were  concentrated  by  deep  snow  in  lowland  conifers  along 
waterfronts  traveled  by  the  wolves.  These  sites  were  long  overbrowsed, 
and  malnutrition  affected  both  calves  and  adults.  The  winter  kill 
doubled,  half  of  it  being  calves.  It  was  new  to  us  to  see  wolves  killing 
to  excess  and  only  partially  cleaning  up  the  carcasses. 

Now  the  wolves  are  taking  young  adults,  a  cohort  that  had  been  nearly 
secure.  Bone  studies  showed  that  greatly  increased  vulnerability  of  the 
l-to-5  age  group  was  associated  with  delayed  development  and  maturation. 
Animals  carried  in  utero  during  a  hard  winter,  or  experiencing  such  a 
winter  as  calves,  were  killed  largely  in  proportion  to  their  number  in 
the  population. 

With  its  recruitment  rate  reduced,  by  1976  the  moose  herd  was  down 
to  about  700.  Breeding  wolf  packs  had  increased  to  three,  and  social 
tensions  and  inter-pack  conflicts  had  produced  at  least  four  wolf 
mortalities.  As  of  1978,  wolf  and  beaver  populations  remained  high,  and 
moose  may  have  stabilized.  If  the  weather  trend  swing  back  to  dry  (as  it 
inevitably  will)  both  species  must  be  reduced. 

The  Isle  Royale  studies  demonstrate  how  misleading  short-term  research 
could  be  in  natural  communities.  Long-term  changes  in  weather,  plant 
successions,  and  other  environmental  conditions  will  necessitate  protracted 
studies  if  the  full  range  of  relationships  is  to  be  revealed.  Likewise 
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it  is  evident  that  only  in  a  fully  protected  wilderness-where  the  age 
structure  of  a  moose  herd  is  not  altered  by  hunting,  or  the  social 
relationships  of  wolf  packs  are  not  disrupted  by  human  influence-could 
natural  events  run  their  full  course. 

On  Isle  Royal e  we  have  an  example  of  the  scientific  value  of  a 
national  park.  For  the  future,  some  aspects  of  our  biological  learning 
will  inevitably-depend  on  the  setting  aside  and  full  protection  of  such 
areas. 
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ENVIRONMENTAL  FACTORS  AFFECTING  THE  PLAQUE  FORMING  ABILITY  OF 

BLUE-GREEN  ALGAE  VIRUS  LPP-1 

A.S.  Dhaliwal  and  V.L.  Sheladia 
Department  of  Biology 
Loyola  University  of  Chicago 
6525  North  Sheridan  Road 
Chicago,  Illinois  60626 

ABSTRACT 


The  ability  of  the  blue-green  algal  virus  to  develop  plaques 
under  different  intensities  of  Gro-lux  and  fluroescent  light¬ 
ing  at  19  t  2°C  was  assessed.  The  algae  for  virus  plaques 
were  grown  according  to  the  soft  agar  overlay  technique. 

Data  indicated  that  in  Gro-lux,  the  plaque  size  and  the  number 
increased  as  the  light  intensity  increased  from  125  ft-c  to 
400  ft-c.  However,  no  such  correlation  was  observed  with 
fluorescent  light. 


INTRODUCTION 


The  susceptibility  of  blue-green  algae  to  virus  diseases  was  establish¬ 
ed  by  Safferman  and  Morris  in  1963,  with  the  isolation  of  blue-green  algae 
virus  (BGAV) .  The  virus  was  isolated  from  Indiana  waste  stabilization  ponds 
which  initially  lysed  the  filamentous  blue-green  algae  Plectonema  boryanum. 

The  virus  host  range  has  been  shown  to  include  several  other  species  of 
Plectonema  as  well  as  members  of  the  other  genera,  Phormidium  and  Lyngbya 
(Safferman  and  Morris,  1964a).  Upon  isolation  of  this  virus,  it  was  re¬ 
cognized  by  Safferman  and  Morris  in  1964b  that  viruses  of  this  type  could 
have  wide  spread  application  in  the  control  of  troublesome  algal  growth. 

Singh  and  Singh  (1967)  isolated  five  strains  of  cyanophages,  two  of  which 
differed  in  host  range  and  plaque  morphology,  while  the  remaining  three 
brought  about  lysates  of  LPP-1  host  Plectonema  boryanum  although  showing 
variation  in  growth  behavior  and  plaque  size.  Safferman  and  Morris  (1964a) 
isolated  two  distinct  plaque  types  from  the  virus  LPP-1  on  the  basis  of 
their  size.  The  LPP-1  virus  is  more  closely  allied  to  bacteriophages  than 
to  viruses  of  higher  plants  (Schneider  et  al  1964;  Smith  et  al  1966a;  and 
Smith  et  al  1966b).  Goldstein  (1967)  isolated  the  DNA  and  showed  that  it 
was  doubly  stranded  with  a  molecular  weight  of  51  x  1C)6  +  3  x  10^  daltons. 
Smith  et  al  (1967)  and  Brown  et  al  (1966)  made  a  comprehensive  study  of  the 
growth  cycle  of  the  LPP-1  virus.  The  present  research  was  conducted  to  assess 
the  effects  of  physiological  conditions  on  the  infection  process  and  on  the 
plaque- forming  ability  of  BGAV. 
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MATERIALS  AND  METHODS 


A  large  plaque  former,  blue-green  algal  virus  strain  LPP-1  (cone.  2  x 
108  plaque  forming  unit/ml)  was  received  from  Safferman  (Federal  Water  Pollu¬ 
tion  Control  Administration,  U.S.  Department  of  the  Interior,  Cincinnati, 

Ohio).  Three  week  old  culture  of  Plectonema  boryanum  (P594)  lysed  in  5  days 
after  inoculation.  The  lysed  algal  culture  was  centrifuged  at  10,000  rpm 
in  a  refrigerated  RC2-B  centrifuge  for  10  min  and  the  supernatant  fluid  was 
passed  through  a  millipore  filter  (GS  0.22  u,  white  plain,  47  mm  size).  This 
partially  purified  virus  was  stored  at  4°C  and  was  used  in  all  the  experimen¬ 
tal  work. 

Dilutions  of  the  virus  were  made  with  the  salt  solution  containing  0.2  g 
MgCl2  •  6H2O,  5.85  g  NaCl,  and  distilled  water  to  bring  the  volume  to  one  liter. 
10-5  virus  dilution  was  used  for  Plectonema  boryanum  (strain  P581,  P594  and 
P597),  and  10“2  virus  dilution  was  used  for  Lyngbya  species  (strain  L487  and 
L488) . 

PREPARATION  OF  PETRI  PLATES  FOR  VIRUS  ASSAY.  Fifteen  grams  of  agar  in  a  liter 
of  Bold's  basal  medium  (BBM)  was  autoclaved  for  15  min  at  15  pounds  pressure. 
Forty  ml  of  this  preparation  was  poured  into  each  Petri  plate  and  allowed  to 
solidify  at  25°C.  The  surface  layer  for  each  strain  was  prepared  in  a  50  ml 
sterilized  beaker  consisting  of  2.0  ml  of  an  appropriately  diluted  virus  (10~5 
for  P581,  P594,  P597  and  10“2  for  L488  and  L487) ,  8  ml  of  3  to  4-week  old 
algae,  and  10  ml  of  0.5%  nutrient  agar  which  had  been  previously  autoclaved 
and  cooled  to  47°C.  Out  of  this  20  ml  mixture,  5  ml  was  poured  into  each  of 
four  Petri  plates.  The  entire  procedure  was  carried  out  in  an  ultraviolet 
transfer  room.  The  Petri  plates  inoculated  as  above  were  incubated  in  a  spec¬ 
ially  made  growth  chamber  which  was  equipped  with  3  light  filters  and  several 
temperature  control  ventilators.  This  growth  chamber  was  housed  in  a  7°C  cold 
room.  The  temperature  inside  the  growth  chamber  was  controlled  through  the 
ventilators,  and  the  light  intensity  was  maintained  through  removable  filters. 
The  quality  of  light  was  provided  by  using  Gro-lux  and  flourescent  light  tubes, 
and  the  illumination  was  continuous.  The  temperature  was  maintained  consistent¬ 
ly  at  19°  ±  2°C.  The  number  of  plaques  were  counted  after  three  days  of  incu¬ 
bation  by  marking  the  plate  into  several  compartments.  The  size  of  randomly 
selected  plaques  in  a  plate  were  measured  from  edge  to  edge  with  a  K  16x  Zeiss 
micrometer.  Two  experiments  were  conducted  per  light  intensity  with  four  rep¬ 
lications  in  each  strain.  An  average  of  the  two  experiments  was  taken.  The 
size  of  the  plaque  is  given  in  millimeters. 

RESULTS  AND  DISCUSSION 

FLUORESCENT  LIGHT  AND  BGAV  PLAQUES.  When  plague- forming  ability  of  the  BGAV 
was  tested  at  200  ft-c  light  intensity,  the  highest  number  of  plaques  obtained 
were  in  P594  as  compared  to  all  other  strains  tested.  P597  was  the  least 
susceptible  to  the  virus  as  indicated  by  the  number  of  plaques  developed  (Table 
1). 
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Among  Lyngbya  species,  L488  was  more  susceptible  to  virus  than  L487. 

L488  was  less  susceptible  than  P594.  It  is  apparent  from  Table  1  that  ' 
plaque  size  did  not  correlate  with  plaque  number.  However,  plaques  were 
larger  with  P581  and  L488  than  the  other  strains,  and  smallest  with  P597. 

Under  130  ft-c  light  intensity,  P594  produced  the  highest  number  of 
plaques  than  other  strains  in  both  Plectonema  boryanum  and  Lyngbya  species. 

The  size  of  the  plaques  were  almost  similar  in  all  the  strains,  although 
slightly  larger  plaques  were  developed  in  P581  as  compared  to  other  strains. 

In  general,  under  130  ft-c  light  intensity,  plaques  developed  were  eight 
times  more  in  number  and  three  times  smaller  than  when  both  the  species 
were  grown  under  200  ft-c  light  intensity.  Under  500  ft-c  light  intensity, 
strain  L488  developed  more  and  larger  plaques  than  all  other  strains  in 
both  Plectonema  boryanum  and  Lyngbya  species  (Table  1).  Seven  hundred  ft-c 
was  the  highest  intensity  used  in  the  fluorescent  spectrum.  There  is  a 
great  variation  in  the  number  of  plaques  developed  in  various  strains  of 
Plectonema  boryanum  and  Lyngbya  species  when  incubated  under  700  ft-c  light 
intensity.  The  lowest  number  of  plaques  appeared  in  P597.  The  size  of  the 
plaques  was  largest  in  P581  (3.45  mm)  and  the  smallest  in  L487  (1.09  mm). 
Therefore,  it  could  be  concluded  from  this  data  that  the  light  intensities 
used  did  not  show  correlation  between  size  and  the  number  of  plaques.  How¬ 
ever,  it  seemed  that  at  200  ft-c  light  intensity  there  was  correlation  between 
the  low  number  of  plaques  and  larger  size  of  lesions. 

GRO-LUX  LIGHT  AND  BGAV  PLAQUES .  The  behavior  of  Plectonema  boryanum  and  Lyngbya 
species  in  regard  to  plaque  number  and  size  varies  with  the  different  strains 
at  125  ft-c  Gro-lux  light.  Strains  L488  produced  the  highest  number  of  plaques 
and  the  largest  size  as  compared  to  other  strains  tested.  Strain  L487  gave 
rise  to  the  lowest  number  of  plaques  of  fairly  large  size  (1.89  mm).  There 
seemed  to  be  little  correlation  between  the  plaque  size  and  number  (Table  2). 

The  number  of  plaques  formed  under  300  ft-c  Gro-lux  light  were  highest  in 
number  and  of  largest  size  in  P597  as  compared  to  all  other  strains.  On  the 
contrary,  strains  L487  produced  the  least  number  and  the  smallest  of  plaques 
(Table  2).  Good  correlation  between  plaque  size  and  number  was  evident  with 
P597  and  L487.  Plectonema  boryanum  and  Lyngbya  species  produced  uniformly 
the  highest  number  of  plaques  of  largest  size  with  400  ft-c  Gro-lux  light 
intensity.  Strain  P597  developed  the  highest  number  and  P581  developed  the 
largest  size  plaques  (Table  2). 

In  general,  it  can  be  concluded  that  as  the  Gro-lux  light  intensity  in¬ 
creased  from  125  ft-c  to  400  ft-c  the  plaque  size  and  number  increased.  No 
such  correlation  could  be  deducted  in  fluorescent  light.  In  comparing  fluor¬ 
escent  light  with  Gro-lux,  it  seemed  that  the  latter  produced  more  plaques 
and  of  larger  size  in  both  Plectonema  boryanum  and  Lyngbya  species. 
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TABLE  2:  Effect  of  Gro-lux  light  intensities  at  19  t  2°C  on  the  size  and  number  of  blue-green  algae 
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